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Say Yes to Science 

by Percy Bates , Director 

F or too long the field of science has seemed to he 
reserved only for the “bright,” the “smart,” the elite in 
our schools. Although science is viewed as a positive force 
among us, ihe image of becoming a scientist has not been 
readily internalized by women and minorities. How were 
these perceptions formed, and how can we go about 
changing our image of who can become a scientist.^ We 
explore these questions in this issue of Equity Coalition. 

We can no longer afford to deny a sizable 
pc>rtion of our population access to scientific knowledge, 
thought, and training. As a nation striving for equity in 
so many ways, we can not continue to move fonvard as a 
world leader while shutting off valuable resources in the 
area of science. Selectively categorizing our school age 
populations on the basis of race, gender and national ori' 
gin as somehow ineligible for a scientific education will 
only hamper our growth as a nation and undermine our 
position among world leaders. One has only to look to 
recent advances by other nations to understand the ur- 
gency for us to become all Indus i\*e as far as science train- 
ing in our schools is concerned. It would seem fair to say 
that this recent growth by other nations is due in part to 
their science training (or all students, majvirity and minor- 
ity, male and female alike. 

We can not overemphasize the need for sci- 
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ence training to be inclusi\'e rather than exclusive. The 
American work force is surely changing and “Browning,” 
and, as repeatedly stated, by the year 2000 women and 
minorities will be a majority of our new workers. Will they 
be trained in the science and technology of the 21st cen- 
tury'? 

Science education ha . not been made 
equally accessible to all groups of students in our schools. 
Even where there has been some success in increa.sing the 
involvement of women and minc^rities in science courses 
and activities, this involvement has beei\ minimal. The 
disparity between Ix^ys and girls in their involvement in 
math and science continues. Evidence \ron^ the National 
Center For Education Statistics (June, 1992a) shows that 

C?ominued on page 29 
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Who Are We? 

P ROGRAMS FOR EDUCATIONAL OPPORTUNITY 
is one of 10 regional Desegregation Assistance CcH' 
ters funded by the United States Department of Education 
under Title IV of the 1964 Civil Rights Act. Housed at 
the University of Michigan School of Education in Ann 
Arbor, we offer technical assistance regarding race, gender 
and national origin equity to public schools in Illinois, 
Indiana, Michigan, Minnesota, Ohio, and Wisconsin. 

In these six Great Lakes states 3,266 school 
districts enroll over 8 million children, 1.6 million of 
whom belong to racial or ethnic groups which often expe^ 
rience discrimination. African Americans are the largest 
group (70%), Hispanics rhe next largest (19%), followed 
hy Asian Americans (8%), and American Indians (3%). 

Half a million children in our region live in 
families for w'hom English is not ihc primary language, 
and one^third of these stt dents have limited proficiency 
in English. Spanish is hy far the largest language group, 
with many speakers of Arrbic, Cambexiian, Chaldean, 
German- Amish, Hindi, Hmong, Hmong-Lao, Japanese, 
Korean, Polish, Urdu, and Vietnamese. 

Of the 8 million public school students in 
our region, 3.9 million are female, the largest population 
facing discrimination. Despite problems such as sexual 
harassment and a e .‘licipation gap in science, mathemat- 
ics and athletic^, females are nearly invisible in many 
equal education plans. 

Young women and men of all races, language 
backgrounds, and cultures should learn together from a 
diverse teaching staff, participate in all activities, and feel 
welcome in their school. To this end we: 

• Provide technical expertise and training to educau^rs 
who arc desegregating local school programs along the 
lines of race, gender, and national origin, 

• Develop and distribute materials that foster greater un- 
derstanding of equity-related issues in education, and 
• Collaborate with state officials and other service provid- 
ers to promote educational policies and practices that 
support the spirit and intent ot federal civil rights law. 
To learn more about our serx ices, please write or call: 
Percy Bales, Director 
Programs tor Educational Opportunity 
1005 Schosd ot Education 
University of Michigan 
Ann Arbor, Michlg in 4810'L1259 
Phoiu- 31T763^99I0;FAX: ML76L2I37 
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Science and Equity: 

Why This Issue Is Important 



by Eleanor Linn, Associate Director for Gender Equity 

C LOSE YOUR EYES and imagine a scientist. Then 
open your eyes and read on. 

If you’re already an equity advocate, and 
you’re actively involved in working to increase the partici- 
pat ion of women and under-represented minorities in sci- 
ence, you probably imagined a woman or a minority man 
engaged in the scientific activity that you like best. But 
it’s much more likely that, just like thousands of other 
people who have taken this simple projective test, you 
imagined a white man in a lab coat with a smoking test- 
tube in his hand. He probably wore glasses, had uncombed 
hair and a ghoulish gn.i. At his most benign, he looked 
like an aging Albert Einstein. But be honest, didn’t he 
look more than a hint like Dr. Frankenstein or the “mad 
scientist’’ in some science fiction movie? 

To Dr. Jane Butler Kahle, who developed the 
Draw-a-Scientisf test, the problem of equity and science 
lies right here in our pre-conceived noti >ns of vfhat is sci- 
ence and u^ho is a scientist. If we do not expand our notion 
of the legitimacy of many kinds of work as real science, 
and if we do not expand our image of people who are sci- 
entists to all of humanity, we will continue to marginalize 
many potential scientists and lose a great deal of fine sci- 
entific work. (Kahle, 1990). 

Then why is it so important for us to pro- 
mote science for women and under-represented People of 
Color? Because scientific thinking and specific skills in 
science are crucial for our children’s success and for the 
future of our society. Equity in science education is both 
an issue of fairness and an issue of national self-interest. In 
addition to these reasons, other parts of this publication 
will show you how eminently achievable it is. What’s 
more, the time is right for you to take action now. 

Three Important Reasons 

1. Scientific jobs pay wages that are almost 50% higher 
than those of non-scientific jobs that require the same 
number of years of education. Compare the salarieii of 
two high school graduates, say an electrician and a typist; 
or two college graduates, such as an engineer and a 
teacher; or even tw'o docU>ral degree holders like a veteri- 
narian and a historian. You’ll readily see lu)W' much more 
money scientLsts earn. Then lt)c>k at the lahc>r force par- 



ticipation data (figure 1 ) and see how few w'hite women 
and People of Color are employed in science related job 
categories. Preparation for a career in science can be an 
excellent way for students to become successful wage earn- 
ers. 

2. Scientific thinking is critical thinking. When science 
is taught through an inquiry method, students learn to 
think independently. They learn to observe, describe, ana- 
lyze, and predict events in the w'orld around them. They 
learn processes for problem-solving that can be used in 
many aspects of their lives. They ga .n confidence in them- 
selves as learners and thinkers, rather than as memorizers 
of received knowledge. The low academic self-esteem that 
stems from an unchallenging, rote curriculum is a major 
contributor to the lack of academic success of young 
women and minority students. Inquiry method science 
can enhance students’ self-esteem and make them better 
thinkers. 

John Dew'ey ( 1915) saw problem-solving sci- 
ence as a way of teaching rational decision-making, a skill 



Who's Most Likely to Become s Scientist or En3ir>eer? 




The numbers cumpitre e«ch ^mup's represcntiition nmung engi- 
neers iind .scientists in the wt^rkfurce with its repre.sentation in the 
adult population as a whole. For example, there are nearly three 
times (2.7) as many white male engineers and scientists and only 
about one -quarter (.2 3) as many white female engineers and .scien- 
tists in the workftirce as expected given each group's representation 
in ihe adult population. 

Source: National Re.search Caiuncil, Wa.shington, H.C^ 




Hc/wity Croa/ition, Fall 199 3 - Spring 1994 



Programs for Educational C')pporuinity 



5 



needed by citizens of a participaton’ democracy. Marilyn 
Frankenstein (1992) pushes the advantages of scientific 
understanding even further. Science, she says, is liberating 
for students, for it is a way to give them the skills to critic 
cally analyze society and the energy to act upon their con- 
victions. 

3. Our economy needs highly'skilled technical workers. 
Industry no longer needs abundant numbers of unskilled 
laborers. Instead it needs people who can learn complex 
new skills quickly and easily. The traditional pool of 
middle-class white males is simply not large enough to fill 
these needs, so for the first time in history, corporations, 
scientific organizations, and government regulatory agen- 
cies are calling for increased equity in science education 
and the recruitment of nontraditional scientists. Morality 
and fairness are only part of their concern. National secu- 
rity and American economic prosperity are their chief fo- 
cus (Task Force on Women, Minorities and the Handi- 
capped in Science, NSF 1989). 

How Fair Are We? 

Even though official policies state that science education 
is open to everyone, a closer look reveals that girls and 
minority students have far fewer opportunities to Itcirn 
science. Student enrollment in high school science classes 
differs significantly by race, gender, ethnicity and socio- 
economic status. Girls and minority students are particu- 
larly less likely to be in chemistry and physics courses. 

They are less likely to be encouraged to take science 
courses, even if their achievement test scores and grades 
are equal to those of white boys. They are less likely to be 
involved in science clubs and extracurricular activities 
and less likely to have toys and out-of-school experiences 
that help foster their interest and skills in science (Weiss 
1978, Kahle 1985, Kelly 1987). Students from poor fami' 
lies are also more likely to be in schools with limited re- 
sources, or in tracks that provide them with fewer hands- 
on science experiences. 

At the same time, girls, minority boys, poor 
children, and children with disabilities arc more depen- 
dent on school to provide them w'ith a myriad of unac- 
knowledged privileges that many affluent white boys re- 
ceive from the culture at large: images of people like 
themselves doing science; close personal contact with 
friends, relatives and neighbors whe-) wcjrk in scientific 
field*;; opportunities to see people like themselves engaged 
in scientific pursuits; discussion about th“ pnKess of doing 
science and the courses needed to become a scientist; heip 
with scientific projects; strategies for overcoming specific 
difficulties in coursework and career choices; and time to 



tinker and enjoy a wide variety of science related toys and 
equipment (McIntosh, 1988). 

A N ew Agenda 

In recent years, public policy and funding in science has 
been moving from a notion of scarce resource distribution 
to a more compensatory model. In times past, science 
funds were spent primarily on the identification and edu- 
cation of only those students w^ho w'ere considered most 
likely to succeed. Unlike reading and language programs, 
which for generations have acknowledged the need for 
basic literacy, and home and community-based interven- 
tions, public and private science improvement programs 
have, until recently, focused on teaching to the few, as- 
suming that other children either could not, or did not 
need to understand science. New guidelines in federal and 
state programs, corporate and foundation initiatives show 
an increased interest in scientific literacy, and an empha- 
sis on compensatory programs for under-ser\ ed and under- 
represented populations. 

In keeping with these changes, th ^ National 

Enrollment in high school science 
classes differs significantly by race, 
gender, and ethnicity. 

Science Teachers Association and the National Science 
Foundation have developed a new secondary school sci- 
ence curriculum template entitled The Content Core. Plans 
for new national and state-wide student assessment in sci- 
ence are also changing how science is taught in elemen- 
tary and secondary schools. The new programs put more 
emphasis on integrated science, the process of learning to 
do science, hands-on student experiences, and the rela- 
tionship of school science to careers and problem-solving 
to help humanity. But these programs may be imple- 
mented without concern for equity, unless equity advo- 
cates persuade science curriculum developers at the na- 
tional, state, and IcKal level to include such well-proven 
educational equity elements as cooperative learning, cul- 
turally relevant multilingual activities, career role models 
who come from students’ own communities, and science 
related parent outreach activities. The time is ripe for eq- 
uity advocates to move m science education. 

Many educators will remember that previous 
waves of science education refc'jrm, especially the one after 
the Soviet launching of Sputnik, also called for a hands- 
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on inquiry approach to science. Those recommendations 
were never universally adopted, in part because they were 
never connected to issues of fairness or to the employment 
problems of our post^industrial economy. They were also 
considered too expensive in terms of staff development, 
student contact hours, and classroom equipment, and 
hence only reached the most privileged groups of children. 

But culturally relevant, hands-on, inquiry 
method science is a necessity for all our students today, if 
we truly want them to become productive workers and 
informed citizens, /ind since poor, minority, and female 
children have more limited access to and less success in 
existing hands-on science programs, we must provide 
them with a science education that includes not only 
hands'On experimentation and challenging thinking 
skills, hut that also provides them with significant contact 
with culturally appropriate role models, career inft^rma' 
tion, awareness of their envn and other people’s attitudes 
about science and scientists, and a broadened definition of 
what constitutes legitimate scientific endeavors. Add to 
that long-term encouragement and we will have devch 
oped a more eqijitahle approach to educating all our chih 
dren in science. ❖ 
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Race Equity and Science Education 

An Interview with Charles Payne 



by Elizabeth M. Mhtum, Field Service Specialist 

C HARLES PAYNE has been Director of 
the Mtilticultural Program for Secondary 
T eachers at Ball S tate Unit >ers ity, M u ncie , / n - 
dimui, for the last twenty years. He abo heads a 
dissemination site for EQUALS and is a certi- 
fied trainer in FAMILY MATH and FAMILY 
SCAlNCE. Flis previous positions include be- 
ing a math and science teacher at George 
Washington Carver High School in Hollow 
Springs, Mississippi, and a professor of Chemis- 
try at Mis.sissippi Valley State College. Dr. 
Payne hokb a bachelor’s degree’ i?i chemistry 
from Rust Qj/(ege. a master's degree in science 
education from Tuskegee Institute, and a doc- 
torate in .seience ediu'utifm from the L niversity 
oj \'irginia. He is an active con.sultant to school 
cli.striet.s, imirersities, and eonnnunity groups on 
multicultural education. 
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EM: Dr. Payne, what led to your initial interest in 
equity and science education! 

CP: It was the combinatk^n of having a love for science 
and, yet, seeing the interaction between science and 
people of different cultures, The 60’s, when I was in 
school, was the era of Black histor>\ Mw/ricu/tura/ educa- 
tion was a term that was beginning to come out as I was 
graduating. And 1 almost instantly saw a difference be^ 
tween ethnic studies and multicultural education. 

If you’re talking histor>', you’re talking 
largely about the contributions of a people — their experi' 
ences — which is important. But when you talk of cub 
ture, you’re talking about, "What have a people learned as 
a result of their histor>’?” And that, then, is what becomes 
important in the classroom. 

As 1 began to work with Black kids, rural 
Black kids, 1 had to change a lot of my strategies — what 1 
had been taught at Rust to teach. And 1 had to change a 
/ot of it. 1 had to change the content — not change the 
concepts, but the content. I changed the c^mtent to be 
farm related. So 1 had to relate the chemistry’ and the 
physics 1 was teaching to farming, to electricity on the 
farm, to fertilizer and the like. 

So to me it became kind ot fascinating, how 
1 could take what was in the community, bring it into the 
classroom, and make it make sense [to these rural Black 
kids). And 1 became fascinated with that idea. Then, 
when multicultural education came out, 1 said "That’s it! 
That is what 1 was talking about. That is what 1 was try- 
ing to do,’’ 

Now in the twenty years 1 hav'c been here at 
Ball State, the national percept icm of multi-cultural edu- 
cation has probably changed. 1 believe that, when the 
term multicidturul education came imt, people were reallv 
using it synonyiTKUisly with ethnic .studies. Now, as 1 read 
the literature, 1 do see an evolutum. 1 see pei^ple are get- 
ting closer and closer to the idea oi culture as i^pposed to 
skin color. 

If you look at race as skin coK^r, then yini are 
not looking at behavior. You are m^t kn^king at what the 
kid has learned, what the kid has been taught. You are 
only looking at the skin cok^r. Secondly you don’t see the 
differences within groups. For instance, African Ameri- 
cans are a very diverse people. If you only look at skm 
color, you won’t pick that up and you get very frustrated 
when they don’t fit that one model that ' ou have. 

So teachers have to be tibk o di^t inguish 
between what you mean by culture and cfhnicifv and race. 
Those three terms mean the same thing ti^r,i ke of people. 



but for me, they are really different. If you don’t separate 
those concepts then you ha\ e a faulty perception ot what 
you’re doing [in the classrcxim], 

EM: Are there some unique needs that African Ameri- 
can stiidents have u;ith regard to science education that 
a teacher should be concerned about! 

CP: Well 1 don’t know if it’s unique or not, but, from 
what 1 hear in schools and from what 1 see, it seems that a 
lot of Black kids were made afraid of science because they 
heard t was something that was supposed to be hard. So a 
lot of kids are afraid of it. 

1 remember that 1 was told, when 1 was in 
college and high school, that science was abstract and that 
as Blacks we couldn’t think abstractly. We had to think 
concretely. And 1 think that’s one of the messages that 
we have learned from our experiences. 

Then, too, one of the excuses 1 hear a lot 
from kids is that “science is for white people.” 1 think that 
is very' self-defeating. 

In terms of their ability to do science, many 
of the kids are very capable. But if the confidence is not 

When you talk of culture, your’ re 
talking about, “What have a people 
learned as a result of their history?” 

there, and if there isn’t a v alue that tells you that this is 
important to you, then you don’t learn. I think that we 
primarily learn those things that we consider to be of 
v alue. .And it’s culture that tells us what’s ot value to us. 

EM: So. gii'en the ability, hoiv do you help African 
American students to have the confidence and interest! 

CT: Now, this is is where we gt^ back to the content that 
you teach- When teaching science to Black kids in this 
day and time, it’s impvxtant tor them to know that Blacks 
have made significant contributions to the field of science, 
and that they read the biographies ot ix'ople who hav e 
done this. And in particular, that they learn about the 
persistence and the pursuit and the love ot knowledge that 
these people had to have in order to be able to do it. 

And then the learning style of the African 
Ameiic.m kid hiis to he considered, too. As is true tor sev- 
er,il other groups, African American kids seem to he more 
global learners than analytical learners. Cik»hal learners 
lend to see the bigger picture but not the det.uls; they see 
the set. But science requires ,in analytical appnwh to it, 
yon need to see the subset within the set. Therefore the 
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African American kid who is really interested and really 
wants to do it, first of all has to he told that, “Hey! Here’s 
the style you’re going to need and here is how I am going 
to help you get there.” You can teach people how to be^ 
come analytical, but first of all they have to be [made] 
aware (of their own thinking styles). 

EM: How do you make students atvare of their thinking 
styles? 

CP: By dialogue with them. Showing them, “Hey! Look! 
Did you see you left this whole piece of information out? 
Here’s what you are going to have to do/’ As an example, 
take helping them to distinguish between mass and 
weight. People use them interchangeably; they think of 
those as the same. But they really are not similar con^ 
cepts; they are very different. The global learner won’t 
separate them. So you have to have a series of experi' 
ences that really causes them to focus on the difference 
between mass and weight. 

EM: Hoiv do you get them interested in science? 

CP: As educators we have to believe that the only w-ay 
you can be a free person is to understand the physical en^ 
vironment. And therefore w'e have to teach science from 
a perspective of how this helps you to become a free per- 
son, in tenns of safety, in terms of your health, making 
money — in terms of any number of different things that 
directly relate to your life — and that science is not just for 
people who see it as a career. 

I think some humor can be helpful, too. For 
instance many scientists that we .study, particularly the 
earlier ones, weren’t in science for the science. They were 
in it to make money. I think we need to explain that kind 
of humorously. They knew that if they were going to 
make money, they had to understand science. 

EM: What are some optimum teaching strategies for 
African Americans? 

CP: I’d say a teaching strategy that has emotion built into 
it, that has some kinesthetics built into it, and some eX' 
citement. And I’m thinking of elemental^' level a!! rlie 
way through (K'12). Now at the college level, as people 
get older, they can entertain a different style. But at the 
junior high level, it seems to me that African American 
kids find appeal in emotion and in things that are kind of 
exciting, particularly if it’s clever. They love a clever idea, 
and 1 don’t mean trickery or simple mindedness. 

This need to have a lot of clever things 
around can get you back to understanding nature. For ex- 
ample, have you seen the FAMILY SCIENCE activity 

Programs for Educational Oppt>rtunity 



w'here you take the two bottles and you blow between 
them? Most people think that those bottles are going to 
fly apart, but in fact, they come together. That fascinates 
them. Then you show them it works like that. Then 
you say, “When you stop at a train track, when you wait in 
your car for a train to go by, you’d better be careful how 
close you get, because exactly the same thing will hap- 
pen!” A physicist would say the air behind you pushes you 
in because the air between you and the train is exerting 
less force than the air behind you. 

EM: How do you make sure that students have the 
qualifications they need for upper level science as they 
go through elementary school and get into middle and 
high school? 

CP; This then goes back to the elementar\^ curriculum 
and being sure that it is done right. Again, I think educa- 
tors will have to get off of this notion that only certain 
people can understand science. Because, if they start put- 
ting kids in talented and gifted programs at first or second 
grade, teaching them the concepts and leaving the major- 
ity of the kids out. then it’s no wonder we don’t have any 
more kids in science than w'hat we do. So I think it has to 
begin at that level. 

I would say, if we’re really going to begin to 
prepare African American kids as well as other kids, I 
think kindergarten teachers need to understand science 
fundamentals. This is where I think they either get turned 
off or turned on. I’m talking kindergarten, first grade, sec- 
ond grade. Because, before they start getting to the fourth 
or fifth grade they begin to develop the attitude of either, 
“1 like science” or, “I don’t like science.” 

EM: What can districts do to make sure they get teach-- 
ers who have the science background and sensitivity to 
minorities? 

CP: They almost hare to depend on the University. So 
looking at transcripts is one thing they can do, though 
that is no guarantee. Then look at their track record. 
Maybe you need a nvirtfolit^ from them. In the interview 
you need to ask them how they feel about science. Or you 
need the teacher to give you a demonstration lesson in 
which you have them talk abtnit science. 

Then, too, districts »ieed gtxxl science super- 
visors. I don’t mean a supervisor who is trying to supervise 
a hundred and fifty to two hundred teachers, either! My 
experience is that if the science supervisor is .secondarv . 
that’s where his or her attentkm needs to go. So maybe 
you need an elementary science supervistir and a second- 
ary science supervistir. 
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EM; Could you speak to the classroom i<;acher tvho is 
under pressure to close the gap in achieveynent in his or 
her science classroom? 

CP: I can answer that in a couple of different ways. One 
is if you’re dealing with an attitude prohlem. In other 
words if the kids’ culture has taught them that this is 
something they can’t understand, this is something that is 
not important to them> that gap will probably be closed 
over a period of years — unless you have some w'ay of really 
getting to the kids and convincing them that this is not 
true. So you may have to do a lot more affective teaching 
than content teaching. And that’s probably v, here I 
would start if it was an attitude problem. 

Then, also, teachers need to know, “What 
standardized tests are my kids going to have to take?” SeC' 
cmdly, they need to know “What concepts arc being tested 
on that standardized test?” Now, I am not saying they 
need to know the items. For instance, if they’re going to 
have to balance equations, then I think the teacher needs 
to know that it’s expected that they’re going to balance 
equations. If they’re going to have to do problems in cab 
culating molarity or density, I think the teacher needs to 
know that. Because there arc so many things that stU' 
dents can be tested on that you may not have taught. You 
could still have taught a good course, but your kids weren’t 
tested on what you taught. St') it tnakes you Itx^k bad and 
it makes the kids lot^k bad. So 1 think teachers need to be 
aware of the concepts. Now se)mc people accuse me of 
saying, “Teach to the test.” I am not saying that at all. 1 
am saying, “Somebody has said that t/iese concepts are inv 
pt^rtant. You need tv) know what they are.” 1 am not say- 
ing teach the items. I will be the first to say, “Nt'), you 
dvm’t teach them the items.” But you certainly teach 
them the concepts. Otherwise it becomes a crap shoot! 
Because 1 may want to teach t/iis. you may want to teach 
tr'uit, and somebody somewhere else who is writing the test 
says, “But you should have taught t/iis!”. 

EM: If you were to speak to parents about their 
children's future in science, what would you advise 
than to do? 

C?P: Parents need tv) shmv an appreciation and a Ivne for 
science. They don’t have to be scientists to do that. They 
need to encc')urage their children in areas of science — take 
them to museums, talk to them about things that they 
know about science. My son wanted to know why 1 was 
out waxing the van. I explamevl to him, “Well, it ’s a new 
van. So I’m waxing it.” He said, “It it is new, why are 
you waxing it.’” 1 explainevl to him what wax was and 
what it was supposed to do tor the van: “Some peojde 



think it’s to make the van shiny. That just happens. It’s 
really prvnecting the paint from the grit, sand, salt, sun 
and all of that.” So I think it’s explaining to kids why you 
do what you do — and a lot of that is science. 

EM: How can counselors be involved here? How can 
they help, especially at the middle school level? 

CP: I think counselors primarily do what the school sets 
up for them to do. If the science teachers are saying only 
certain kids can come in their classes and can understand 
science, . len there is not much counselors can do with 
that. But in the instances where counselors know that 
kids are just purposely avoiding a course, they can encour- 
age them to go in, maybe even work with the teachers. 

This has to be a total school effort, i: just can’t be one 
little division. Because as a counselor, I may put you 
down in Algebra I, but if the Algebra I teacher sees you as 
a leaser, then you won’t be down there very long. So there 
has to be sv'ime relationship between the counselors and 
the teachers. But I also think guidance counseU^rs can 
make kids aware of careers, of what is needed in those ca- 
reers. For instance, there are a IvH vTkiJi. who wc')uld say, 

“I want to be a medical doctor” v')r “I want to he an engi- 
neer,” but they have no idea what it takes to get there. I 
think a lot of parents need to become aware of the fact 
that many of the decisions you make around the sixth 
grade will affect you fv')r the rest of your life! And I’m not 
so sure how many parents realize that. In particular, in 
junior high, when you start going in different directions, 
you need to be careful about what direction you choose. 
And, I would say, as I have tried to do for my own kids, 
whether you want to go into natural science or not, I want 
you to follvnv the math curriculum because that becomes 
the basis for everything else ycui do. As I was telling iny 
daughter last night, “I want you to have the options you 
choc^se. I dem’t want your c’)ptions limited because you 
didn’t take the right courses.” 

EM: You do consulting in this area of science educa- 
tion and equity* \\Tiat kind of requests do you get? 

CP: A IvM vT what I do is with EQUALS and FAMILY 
MATH and FAMILY SCIENC?E. I don’t get a lot of re- 
v]uests fv)r just pure science. I alsv) get requests tor how to 
infuse multi -cultural education into science and across the 
curriculum. What yt)u run into is that science teachers, 
for whatever reasons, seem to be so cvmtent specific that it 
is difficult tt) get them to see the cultural dimensions. I 
gues^ I am sterev)typtng <tnd I realize that. Science teach- 
ers, particularly physicists, tend to be left brained and ev- 
erything is just very sequential. 
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EM: So hou) do you get science teachers to see the cul- 
tural dimension? 

CP: You just have to use a lot of logic, just explaining 
things and giving examples. One teacher 1 was talking, a 
very gocxl science teacher, one of the top one hundred in 
his field, said, “I just hadr’. thought of it the way you are 
saying it.” He said, “It makes good sense.” He said he had 
just ^ een so content oriented that it had never occurred to 
him that these kinds of things would go on in the minds of 
people. So I think how we approach people makes a lot of 
difference. 

EM: Could you describe an intervention that you had 
where you have worked with a particular teacher or a 
science department? 

CP: The model that I use is to first say, “What concepts 
are you teaching?” So I am not trying to change the con^ 
cepts that they teach, because I believe that the concepts 
are important for all kids. So once they identify the con^ 
cepts, I say, “Ok, now you explain the concepts the way 
you would normally explain them. But once you do that, 
when you get to the place where you are try'ing to develop 
the concepts, let’s bring in some cultural experiences — 
different ways in which you have seen the concepts. Be- 
cause this becomes the pedagogy' of multicultural educa- 
tion.” 1 don’t think you understand a concept if you can’t 
see it in more than one way. So it becomes very much a 
part of good learning and good teaching to identify that 
same concept and use it in a totally different way. Then, I 
may ask them, “What is the history* of the concept? Who 
first discovered it?” And then you can bring in the cul- 
tural dimensions from that standpoint. And what you be- 
gin to see is that science is ver>- multicultural in terms of 
the contributions made by different people. 

I have one article I recommend to people 
who are interested entitled “Education and the C^lultural 
Concept” by a fellow from Britain named Musgrove who 
ran one of the British schools ii» Africa. He was talking 
about teaching the concept of gravity to students who 



frankly didn’t believe in gravity. Their culture had never 
taught them that. So he v ent on to say that the reason 
the English boys believed in gravity was because their cul- 
ture has been teaching it for the last three hundred years. 
In other words, it has become a cultural deposit. 

And then Musgrove also says that what we 
do as teachers is affirm what kids already know, particu- 
larly if they are from the same culture. One of the mis- 
takes that we make when we teach kids from our own cul- 
ture is assume that they know certain things. In fact they 
might know them, but they don’t understand them. For 
instance, take gravity again. You throw something up and 
let it fall, and ask the kids, “What is it called.^” and they 
say, “Gravity”. Because they said, “Gravity,” we assume 
that they understand it. But they don’t, they just know 
the word. And so one of the things that I have said in my 
classes here at Ball State, having read Musgrove’s article 
is, maybe we have to approach every kid as if he or she 
knows nothing about the concept. Othenvise we are only 
affirming what we think they already know or what they 
already believe. We cut out that questioning kind of 
sphere that we w’ould like to develop within them. 

EM: Do you have any closing thoughts that you would 
like to make about looking to the future? 

CP: Yes. Looking into the future, any person, particularly 
a young person, who is going to enter the twenty-first cen- 
tury without being mathematically and scientifically liter- 
ate is going to he in serious trouble. Now' I don’t mean 
that they’ve got to be scientists, hut they have to be able 
to understand the basics of math and science. That is the 
direction that the world is going. If we allow' groups of 
people to enter the twenty-first centur>* without being 
mathematically and scientifically literate, I think we are 
setting them up for trouble. ❖ 
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Gender and Science: 

A Review of the Research Literature 



by Mary Antony, Research Assistant 

DUCATION HAS DIFFERENT OUTCOMES for 
boys and girls. Nineteen years after Title IX, v;omen 
continue to be underrepresented in science. Unfortu- 
nately, large numbers of girls who do not enroll in high 
school physical sciences not only limit their educational 
experiences but in the process also close the door to many 
future educational possibilities. By conforming to a female 
stereotype that excludes science and math they are con- 
fined to the low pay and low status accompanying tradi- 
tional women’s occupations (Kelly, 1981). 

This article reviews the current status of 
women in science, examines some of the theories that 
have been offered to explain the gender gap and finally 
suggests some strategies to enhance the participation of 
girls in science. 

Participation and Achievement 

1. K-12 Education. While overall gender differences in 
achievt ment do not appear at the elementary' level in ei- 
ther m. hematics or science, teachers are reportedly more 
likely to assign high ability boys to top math gn'Jups than 
they are to assign high-ability girls (Hallinan and 
Sorenson, 1987). Elementary' girls report that they have 
fewer science experiences (Mullis and Jenkins, 1988). 

They alsc) show less positive attitudes towards science and 
science careers than do boys. This pattern continues into 
middle school with girls remaining more negative about 
science than boys and continuing to have fewer science 
experiences. 

While there are small v)r no gender differ- 
ences at age 9 for any science assessment, by age 1 3 and 1 7 
the average science prtTiciency of females is significantly 
K)wer than that cT males (N.C.E.S., 1992). 

Girls also take less science and math in 
schotd than Kiys. In 1988, high school females rept'>rted 
annpleting an average of 3.6 years of math course wtuk 
compared to the 3.8 years of males. Females also have 
fewer years tT study in natural science than do males, in 
1988 these averages were 3.1 and 3.3 years respectively. 

Although the number of years of study does 
not differ suKst antially, females tend to take less advanced 
0 )ursew('»rk than do males. While almost all females anil 
males take biology, females were much less likely to take 
physics, 35 vs. 51 percent (NSF, 1990). College hound 
female are also less likely to take achievement tests in 



science and math than are all college, bound seniors. 

2. College Education. In college, women choose science 
majors at lower rates than do men even when they are 
equally prepared. White women are the least represented 
female group in science majors. Black women on the 
other hand, constitute a substantially larger proportion of 
black science majors than do women of other racial and 
ethnic groups (Commission on Professionals, 1986). 

Even though women science majors had 
higher overall grades during their first two years in college 
than did men, they drop out of science in greater percent- 
ages than their male peers (Oakes, 1990). Consequently, 
women have a lower rate of attaining scientific bachelors 
degrees, are less likely to select scientific majors in gradu- 
ate school, and therefore have a lower rate of participation 
in the doctoral programs. 

3. Employment. Women and non- Asian minorities are 
underrepresented in the science, mathematics and tech- 
nology workforce. In 1988 women accounted for 16 per* 
cent of the Science and Engineering workforce, but this 
representation varied with only 1 in 25 being engineers 
(NSF, 1990). Furthermore 25 percent of women, com- 
pared to 14 percent of men, were employed in work unre- 
lated to science. Among academic scientists, men are far 
more likely than women to hold tenure track positions, 
and to achieve full professorships. Women are more likely 
to bo engaged in part-time work. 

Some Possible Explanations 

Explanations for the underrepresentation and under-par- 
ticipation of women in science can be broadly classified 
under three categories (Oakes, 1990). The first deals with 
individual attiibutes and includes both cognitive abilities 
and attitudes. The seamd looks at facU’^rs in the school 
and classroom that might affect the participation of girls, 
and the third fticuses on societal facti')rs. 

1. Cognitive Ability. For a while the research on cogni- 
tive ability was guided by the deficit hypothesis that pos- 
tulated that biological differences were responsible for the 
gender gap. Arguments in fa\'or of the genetic superiority 
c'kf males in math and science are not supported by any 
conclusive evidence. Op the other hand there is evidence 
that the male advantage may not be genetic at alt 
(AAUW, 1992). Girls’ performance can be enhanced 
and the gap reduced by changing teaching practices. 
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• are als(^ studies demonstrating 
that a^gnitive abilities can be 
learned and that both girls and mi' 
norities can acquire them. Thus, 
even if group differences do exist, 
they are not unalterable, and Inter' 
ventions can overcome the differ' 
ences in achievement (Oakes, 

1990). 

2* Affective Factors. Among 
males and females of equal achieve' 
ment levels, difference irt interest in 
math and science, difference in per' 
ceptions of its utility, and difference 
in self'confidence are some of the 
factors that appear to affect student 
choice. There is some work that 
suggests that girls and minorities 
show a greater in re rest in people 
while white boys show more interest in objects. Because 
math and science arc often taught as abstract subjects, dis- 
ct)nnected from people, these subjects may be less appeal' 
ing to girls. 

NAOB data show that 9, 13 and 17'year'old 
girls express attitudes to science that are more negative 
than their male ciuinterparts (NAEP, 1991 ). Gender dih 
ferences in liking science, however, are less pronounced in 
high achieving students. Furthermore, it is doubtful that 
there is any simple or direct relationship betw^cen liking 
science and math and doing well in these subjects because 
liking math and science do not appear to lead to high 
achievement and increased participation for minority stU' 
dents (Oakes, 1990). 

It has been suggested that e\ en if students do 
not enjoy science and math, they will persist if they be' 
lieve that it will be useful to their careers. Many students 
believe that math is more useful for male.s than it is for 
females (Eccles ct a/., 1985), and that boys understand sci' 
ence better (Zimmerer and Bennett, 1987). Such sex ste' 
reotyping of math and science occurs as e<irly as the pri- 
mary' grades. Although many girls may be ctm\ inced that 
math is open to everyone, Ix^ys nu^re often see math as 
masculine and j^lace girls in nn^re tradition,il roles 
(Fennema and Sherman, 1978). This opinion of male J 
peers can possibly be a negative influence on girls’ 
choices. The fact that all ath’aneed math aTiil all Science 
i nurses are itu)re likely to be taught by men than women 
may further contribute to the perceptual of these fields as 
masculine. 

Even if boys and girls are equally nuUivated 



to do well, girls appear to be less 
confident that they will be success' 
ful. Women reptirt lower confidence 
even when they perform as w’cll as 
males and their confidence drops 
during the critical early years in cob 
lege (University of Michigan, 1992). 
Male students t)ften attribute their 
failures to scunething external w'hile 
girls attribute it to their tnvn lack o( 
ability. Many females thus drop out 
of science and math despite their 
ability to do the wttrk. 

Girls may he further turned t)ff 
by the apparently high ocial costs to 
women who aspire to .sac e and 
math careers (Chipman and Tho' 
mas, 1984). Expectations that sci' 
once and family may conflict later in 
life may prevent high achieving girls from pursuing 
coursework and therefore careers in science. There is 
some w\)rk that suggests that women college students who 
do remain in scicncc'rclated majors often hold noii'tradi' 
tional view's of sex roles (Matyas, 1985). Women inter' 
esred in science careers must, therefore, break the stcreo' 
typo mold of sox'appropriate careers. 

3. Schooling Experiences. Classrooms where the process 
of schooling largely occurs are often sites for sexist stKiab 
i ration. Although the actual amount of rime actually 
spent on science in the elementary grades is small, when it 
does occur the nature and quality of participation by Ix^ys 
differs from that of girls in several respects (Mull is and 
Jenkins, 1988). Responses to a NAEP sur\ ey showed that 
girls participate in extracurricular science acii\ ities fewer 
limes tlian do boys. Play acii\’ities of males arc more 
likely to provide practice at spatial visualization tasks 
which are useful later in Ixith science and math dassc’^ 
(Matyas, 1985). 

In middle and high school, girls are more apt 
to be exposed to bio logy' related activities and less apt to 
engage in mechanical and electric acti\’ities. Boys i^ften 
report tliat they use many more science instruments in 
class than do girls (Zimmerer and Bennett, 1987) even 
though girls say they wouKl like to use them (Kahlc and 
Lakt's, 1983). These differences are e.specially pronounced 
in the use of pliysical science tools such as power supplies 
arul prisms. In secondary sclunds girls use computers le.ss 
frequently than boys. Tliese oxperieiRes arc reinforced 
when ch.ildrcn are always allowed to .select .science topics 
based on familiarity or interest. 
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Teachers oi either gender are more likely to 
call on hoys io help with demonstrations. And when stU' 
dents ask (or help with projects, hoys usually get added 
instruction while teachers shtnv girls htnv to proceed t^r 
even ciMuplete the task for them. Teachers thus exhibit 
higher educational expectations for hoys than for gnls. 

Female .students ha\e fewer interact i s with 
science teachers and thus receiv e less attentitui (Barha 
and Cardinale, 1991 ). Females are asked fewer questions, 
and the questions are predominantly lowdevel ones. By 
asking males highdevel questions the teachers may he pnv 
viding cues to those students that they are high ability 
students. Females may thus attribute failure lo their own 
lack of ability. 

Another factor that might be turning girls off 
science is conventional teaching strategies that are based 
on competition. Peterson and Fennema (1985) found 
that competitive classroom activities contributed to boys 
math achievement but were detrimental to that of girls’. 

Girls may also he discouraged from pursuing 

Females are asked fewer questions, 
and the questions are predominantly 
low-level ones. 

science careers by school counselors who have higher ex- 
pectationsof math achievemenl lor hoys. Evidence sug- 
gests that girls and minorities receive les.s encouragement 
and information alxuit anirses and careers in science 
fields. 

4. Social Factors. Historically, well qualified women have 
not been able to translate school attainments into com- 
mensLiraie employment or salary rates. Women anticipat- 
ing such discrimination may opt out of scienc j. l v.reiu.> 
and teachers wht> convey less con\ entional id as about 
appropriate behavior for wt^nen may encourage them in 
non-traiiitional pursuits (Ware, 198"). 

IVspite the ctnnplexity of the problem, race, 
cl »ss and gender issues anuinue to be ignored in science 
educaticMi research. This exclusitm may acctnini lor some 
oi the dissemination .tnd implementation prt^blems e«.luca' 
tors lace as they try to pul research findings into practice 
in urban schools (Me Howell, 1990). 

Increasing the Participatkm of Girls 

Some of the strategies (SEMS, 1991 ) that have been 
hnind to encourage interest and achievement among fe- 
males are: 



• Using inquir>''based science insti action 

• emphasizing hands-tm activities .'elated to everyday ex- 
periences 

• Using ctxiperative rather than cennpetitive group work 

• Using text, curricular materials and language that illus- 
trate women and girls as well as men and hoys carrying out 
science w'ork and experiinents 

• pairing girls with girls sti ihat they are run always serv- 
ing as data recorders but get chances to manipulate sci- 
ence equipment 

• monitoring the distributiim of science equipment. Giv- 
ing all children the opportunity to interact with equip- 
ment that they might mx have encountered before or are ’ 
not likely to enccvunier at home 

• asking higher order questions of both btiys and girls 

• narrowing the experience gap by giving additional t)p- 
portunities to try out science experimenrs and solve prob- 
lems 

• prcividing out of school opportunities for science experi- 
ence 

• appropriate counseling on the importance tT science 
and math for the future 

• appropriate career ccmnseling that provides real-life role 
models o\ women in science 

Girls and bciys enter school science class- 
rooms with different prior experiences, interests, expecta- 
tions and attitudes. Teachers cannot dismiss the prtiblems 
of girls Linderachievement in science by treating boys and 
girls identically. This is not to argue that all females need 
to be pushed into science careers. Rather they need to 
leave a wide variety of options cipen for later more in- 
formed career decisions. Furthermore, the adoption of 
equitable curricular materials and teaching strategies that 
actively encourages interest and achievement in females 
can also prove beneficial to all children. ❖ 
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Making Science Learning Meaningful for 
Language Minority Students 



by Norma Barquet, Associate Director J'or National Origin 

B usiness and industry need a wdi educated 

and skilled work force in carder to compete in a highly 
technological wt^rld econc')my, hut large numbers of our 
students continue to graduate with minimal proparaticni in 
the area of .science (Mullis Jenkins, 1988). Hence, sci- 
ence edncatuni has hcccnne a pric^rity in most educational 
reforms at the local, state, and national levels (Rutherford 
Ahlgren, 1990), 

One reascni we face this problem is that we 
have thought for too long that science, like math and glo- 
bal languages, is diHicult and therefore shcnild tnily be re- 
quired of our most "talented” students, those who for the 
most part are already privileged as a result of the socio- 
cxiMiomic and educational status of the families into 
which they were born. As Oakes ( 1986) points out. 
"There is no presumption that high status knowledge is 
ecjually appropriate for all” (p,74). We aUo seem to un- 



derestimate the rele\'ance of .science in every aspect of our 
lives and in the many prt'ife.ssions that draw on st entific 
knowledge and research. 

Such beliefs have proven to be formidable 
obstacles to students from le.ss privileged families, espe- 
cially national origin/language minority students 
(NOLM). As the number of these students increases in 
our schools, their lack (T participation in .science educa- 
tion and their low representatiem in careers in scii nee will 
further exacerbate efforts to promote .science education. 

Issues Related to Equity 

NOLM students are also concentrated in large urban dis- 
tricts or highly rural areas which often lack adequate fi- 
nancing, and the classrooms where these students are 
taught science often lack adequate textbooks, materials, 
and equipment. Due to the difficulty encotmtered by poor 
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urban districts in attracting and retaining highly qualified 
and trained teachers, the teachers assigned to teach mi' 
nority and students arc often the least qualified 
(Oakes, 1990a, p. 181). 

Many observers also suggest that in addition 
{o the educational dep' 
rivation and discrimi' 
nation to which these 
students are subjected 
by virtue of being poor* 
limited'English stu- 
dents and their teach- 
ers are caught in a 
double bind by being 
isolated within the 
schools in which they 
are found. As a result 
of being a non-status 
group in their schools, 
bilingual teachers and 
their students are often 
given the worst class- 
ri>mns* and when new 
materials and state of 
the art equipment are 
available they do nox 
have access xo them. 

In addi- 

tiim to issues iif dis- 
crimination, language 
minority students also 
lack the necessary role 
models and support 
that their middle class 
white peers have with 
regard X:o science edu- 

catiim aiiu careers in science. Hispanics* for instance* 
ciunprise nine percent of the ti>tal population* hut thev 
represent i>nl^ twc» percent of all emplo\ed scientists *ind 
engineers in this country (Task Fierce on Women* Nfini^ri- 
ties, and the Flaiulicapped in Science ano Technidogv* 

19vS9). 

Although not always conscious of their 
prejudices, educators often ha\ e pre-concei\ ed ideas re- 
garding the interests* ahilitie.s, and o\erall potential ol stu- 
dents based on their race or ethnicirv, geiuler* and socio- 
economic status. As ,i result c<ninsclors and t<.‘a<.heis U Hvl 
to ha\ e higher expectations regarding the ai ademk 
achievement and career goaU of students who are light 
skinned* male, and from middle ,ind high socio-ei^onomk 




backgrounds (Oakes, 1990a, 1990b; Sccada 1989). 

If w’c look at the research in the area of 
tracking, we begin to see how these preconcei\‘ed ideas 
create inequitable oppi)rt unities and access to science edu- 
cation within schools. Language minority students, like 

racial minorities, girls, 
and piHir children in 
general, ha\'e been his- 
torically excluded fri'm 
participating in science 
classes or tracked inti^ 
lower le\'el courses 
(Rosenbaum, 1980). 

Their lack of access to 
quality science instruc- 
tion at all Ie\'els of the 
educati<.>nal system is at 
present a commim area 
of concern f<.>r equity 
conscious educators and 
ad\’ocates for these 
groups. 

NOLM students whi> 
are not proficient in En- 
glish are often excluded 
from science classes be- 
cause: a) the learning of 
English is seen as the 
primar>’ educational gmd 
for these students and 
therefore science is not \ 
priority in scheduling 
them* b) the schools do 
not have teachers who 
,,, , V, , V i V ( nv can instruct these stu- 

f’hnti.K M. IT i/m I N.iii S f 

dents in seience in the 

language in which tliey are most proficient* aiul c) science 
teachers are either apprehensi\’e* reluctant, or unwilling to 
teach non-English speakers in their content area. 

Altlunigh the parents of these students have 
high aspirations for them, their children slowlv lower their 
expectations as they come to accept the stereotypes st*t bv 
our society regatxling who is capable of scientific work. 

C !onse<.|uentlv. white girls are encourage<.l to become 
teachers atul nurses* while white boys become scientists 
and doctors. Minority girls are tracked early on into low- 
pax ing careers such as chiKb<.are workers, haiixlressets or* 
at best, technicians. 

R.arel\ do we find schools that systematically 
debunk the existing s(erev>t\pes in science educ.it u»n by 
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encouraging girls, minority students, and poor children to 
take higher level courses and pursue careers in the area of 
science. We seem to he caught in a vicious cycle of un^ 
det'achieveinent since we know that only hy increasing 
the numbers of minority and women in the science profeS' 
sions will we see a change in the expectations of our soci' 
ety regarding the learning of science. 

Removing Barriers 

First, we must address issues relative to the language of 
instruction. For students who are limited'English profit 
cient (LEP), the ideal situation is to have qualified science 
teachers who are bilingual and fluent in English and in 
the primary' language of the students. In a study compare 
ing the effects ot monolingual English anti bilingual sci' 
ence instruction with native American students, it was 
found that bilingual instruction made a significant differ^ 
ence in the achievement of Choctaw speakers in the areas 
of science and social studies (Doebler and Mardis, 1980' 
1981 ). Learning (English) wt^rds and definitions does not 
constitute learning science (Yager, 1983). It is possible ft>r 
students to know words without understanding the con^ 
cepts behind them and understand concepts without 
knowing the terminology used to describe them. We 
know that children learn concepts better when they learn 
them in the language they know best and that once they 
acquire the required vocabulary in their strongest language 
making the transition into English is much easier. Delay' 
ing their instruction until they acquire academic English 
skills or simplifying the curriculum are not acceptable 
strategies to teach children who arc not proficient in Eii' 
glish. 

While it is important to acknowledge that 
there is a great shortage of teachers who are both bilingual 
and qualified to teach science, we must insist that teacher 
training institutions establish programs to recruit Hispan' 
ics and other language minority students and train them as 
science teachers. But we must start early hy deveU^ping 
and implementing PrC'K through 12 science curriculum 
and programs such as mentoring and career day to mcni' 
vate students to chtise careers in. science. 

In the meantime, when qualified bilingual 
teachers are not available, science teachers can still iii' 
struct LEP students with the help of bilingual aides and 
English'Speaking students using techniques such as coop' 
erative learning and peer tutoring. This tloes not mciin 
that wc relegate the teaching tTLEP students to students 
and aides hut that we use them as translators and t utters 
under the direct supervision of a science teacher. While 
learning science concepts and their a; nlicatitm thrtnigh 



inquiry and experimentation, LEP students can acquire 
the technical and scientific vocabulary necessary for future 
study. Since science introduces more new vRKahulary on 
a regular basis than a foreign language, science instruction 
could provide an opportunity for native English speakers 
and limited 'English speakers to work together while they 
increase their vocabulary. 

Cultural Relevance and Inclusion 

If we study the original cultures of these children, we can 
learn much about the contributions of their ancestors to 
science. For instance, the Indians of North, Central, and 
South America contributions to agriculture, astronomy, 
geoU\gy, botany, and nutrition remain a source of knowL 
edge for scientists today. The irrigation systems, sun dials, 
calendars, nutritional, and nedicinal practices of native 
people are examples of these contributions in science. 

In his L-ook, /nd/an Givers: Hou- t/ie /ndians of 
the Americas Transformed the World, Jack Weatherford 
(1988) writes about how Indian cultures revolutitmized 
world civilization and theeirizes that the impact could 
have been even greater if native cultures had been valued 
and not destroyed by the Europeans wht) colonized the 
Americas. In fact, David Bathrick, director of the Agri' 
cultural Office of the U.S. Agency for International Dc' 
veU^pment, has said that ancient Indian techntiU)gy such 
as the pre-Columbian “pL^tform farming” method found 
around Lake Titicaca may he the key to cultivating infer' 
tile land in Africa, Asia, and South America (Ann Arbor 
News, December 15, 1988). Ancient African, Arab, In' 
dian, and Chinese cultures are among others which have 
contributed to the areas of math and science. 

In the area of medicine we have recently 
seen a resurgence of non'traditional methods of healing 
that date hack to ancient practices in Cliina and India. 
These methods are characterized hy an integration of the 
physical, the spiritual, and the psychological. The medich 
nal plants known to ancient cultures such as the Aztec 
might still hold promise for the cure of diseases nor yet 
conquered hy modern medicine. 

By using the prior knowledge of students to 
build on science instruction we can begin to make science 
meaningful and infuse culture into the teaching of sci' 
ence. All children, including minority children and girls, 
must also learn about the past and present contributions of 
tlieir groups and of tnher cultural groups in order to he 
able to recognize their tnvn potential as future contrilMi' 
U^rs in the area tT science and reduce the risk of ethnoceii' 
trism. 

Thus, the contrihulionsof American Indi' 
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ans, Arabs; Asians, Hispanics, and women must be incor^ 
porated into the science curriculum. When teaching nu' 
trition, for example, teachers can have students research 
the nutritional habits of some of the indigenous people of 
the Americas and determine some o( the benefits t)f their 
diets. (For other suggested activities refer to later pages in 
this issue.) 

Instructional Strategies 

Aside from issues related to language and culture, the sci- 
ence curriculum should emphasise mastery learning, 
higher order thinking skills, active student involvement, 
the use of relevant/reaMife materials and situatums, 
project'oriented tasks rather than discrete'skills orienta- 
tit^n, and use of computers and technology to enhance 
student support. 

Cooperati\’e learning groups and out -oFc lass 
experiences arc strategics that increase the motivation 
and learning of children in general, hut for LEP students 
they are critical elements of a successful learning experi- 
ence Since monolingual teachers often cannot cc)mmu' 
nicate effectively with their LEP students, the students 
must rely more heavily on \ isual, kinesthetic, and other 
mmdanguage based modes of learning. Therefcne, the use 
of manipulatives, visual aids, models, and workbooks have 
also proven io he mi>re successful than the use of dittoes 
and formal lectures. 

In summar/, to ensure the success of lan^ 
guage minc')rity students in the area of science we must: 

(a) ensure that they are full participants in quality science 
educatiem from prc'kindergarten llirough 12th grade, (b) 
recognize and meet the linguistic needs of these students, 
(c) he willing to learn and integrate in our teaching the 
ctmtrihuiions of all cultural groups represented in our 
classrtxmis, and (d) use instructional strategies that ac- 
knowledge different learning styles. 

Finally, students shc)uld he leminded that, 
tiespire past and present amtrihutkms in the areas of sci' 
ence and technok^gy, there is still much more to he 
learned and discovered about txir world and that they are 
all capable of making a contribution. 

Demographics, World Economy, and 
Future Trends 

We already know the demographic pn ejections for our na^ 
rion and the world. People t^f color and women are he' 
coming a more significant part of every .sector of our soci- 
ety. Tliis trend is noi likely to reverse or level out in the 
future. Thus, only by encouraging and preparing women 
and minc^riiies in areas such as science w-ill we ensure that 



large numbers of our school population will he self-confi' 
dent and able learners. The resulting effect will he an in^ 
crease in the self-sufficiency and ability of our adult popu- 
lation to contribute effectively to the larger socicx'y. 

As a nation we must he able to meet the lo- 
cal and global challenges of the future. The continued 
exclusion of minorities and women in the area of science 
has denied these underrepresented groups the opportunity 
for intellectual growth and has limited their contribution 
in many areas of our society. Given their increased num- 
bers in our workforce and in every other sector of our soci- 
ety, the contributions of minorities and women in science, 
mathematics, and technology' will have a significant effect 
on whether or not our country will continue to hold a po- 
sition of influence on the international front and contrib- 
ute to the betterment of our planet. ❖ 
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Families and Science 



by Judith L.Greenhaum, Ph.D., Project Associate 

C oncern with preparing students for an increas- 
ingly complex world has prompted the field of edu' 
cation to undergo some exciting self-examination, As 
educators consider the redesign of the learning and teach- 
ing environment in school, they are taking a closer look at 
learning and teaching in the home. Much research is de- 
voted to such questions as: can we all do a better job of 
teaching children about their world can we increase 
children’s interest and competence in science and tech- 
nology? can we convince families of the importance of 
science to their child’s future? and ultimately, can we in- 
crease the participation of women and underrepresented 
minority students in mathematics and science careers? 

Natural Roles for Children and Parents 

Young children are natural scientists. They classify and 
compare phenomena, test out hypotheses, discover cause 
and effect relationships, experiment, solve problems, and 
generalize solutions — long before th?y enter school. 

These are natural roles for children. 

The yt)ung child learns through play. During 
play children learn through trial and error to manipulate 
objects and situations in their environment. Children’s 
play mimics and simplifies the “real” world of their par- 
ents, making it easier to comprehend. By recognizing the 
value ot play, parents encourage the young child’s learning 
in the home. By providing the older child with science- 
related activities, toys and books, parents enrich their 
child’s experience with science and technology. 

Families teach their children in a variety of 
ways, depending on their culture and values: by demon- 
stration, dialogue (discussion), story-telling, modelling, 
and/or by direct instruction. The Native American grand- 
father might use a stor>’ to illustrate a scientific principle 
about weather. The Anglo mother might quiz her daugh- 
ter on math tacts. The child living on a farm might learn 
a lot about biology from helping her parents take care of 
the animals. 

Parents are natural teachers. In helping chil- 
dren understand their world, parents routinely teach biol- 
ogy, and chemistry, as well as such physical principles as 
gravity and inertia, and simple machines such as the lever 
and the wheel. They do this informally, supi'torting the 
child’s natural inclinatiim to learn. 

Programs for Educational Opportunity 



Curiosity and Science Education 

Curiosity is the lifeblood of science. All children arc born 
curious. They stick their fingers in electric sockets, jump 
in mud puddles, touch hot stoves, not because they are 
misbehaving, but oecause they are curious. They are 
learning about the world. And they need an adult to 
guide them. 

But something happens to the average 
child’s natural curiosity as she/he grows older. For many 
children, learning stops being fun, stops being its own re- 
ward. Much of the child’s natural curiosity is gone. 

Schools and families need to take a certain amount of re- 
sponsibility for this. In their zeal to acculturate the child, 
to control the behavior of the child, to “teach” the child, 
schools and families often inadvertently stifle curiosity 
and creativity. 

If we are to do a better job of teaching sci- 
ence we must foster curiosity and creativity in school and 
home. We need to provide children with opportunities to 
make choices about how' and what they want to learn, 
take risks by trying out different solutions to problems, 
and Icam from their mistakes by continuing to explore 
their world. We need to value problem-solving skills 
more than rote learning. 

The School’s Role 

Schools need to recognize the driving force of curiosity 
and problem solving in science, and design their curricu- 
lum accordingly. They need to relate the science curricu- 
lum to the chemistry', physics, and biology their students 
encounter in their daily lives, thus heightening student 
motivation. They need to recognize that girls, poor chil- 
dren, and children from some ethnic/minority groups w'ill 
need extra support from the schools in order ti > sustain an 
interest in science and technology. 

In addition, schtu)ls cal'! help parents become 
better science teachers by: 

• encouraging parents to take pride in their role as teacher 

• encouraging parents to use their home language when 
“teaching" their childrei'i 

• convincing parents that science is an integral part of 
daily life and inft)rming parents ot the importance of sci- 
ence and math tt) the child’s tuture 

• convincing parents that studying science and math i*- as 
impi^rtant h)r girls as for boys 
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• suggesting low-cost activities that families can do at 
home that promote and support the child’s interest in 
science 

•locating male and female role mcxiels and mentors for 
students from various cultures and backgrounds. 

•giving parents information about careers in science to 
discuss with their children 

•providing training programs for parents that help them 
foster their children’s natural curiosity about the world 

Parent Training 

The easiest way to involve families in teaching science to 
children is to use the family’s natural setting, the daily 
routine and daily activities, and the family’s natural teach- 
ing and learning methods. 

Here is a list of principles that can provide 
direction for family science activities. They include ques- 
tions parents can ask to increase their children’s curiosity 
and creativity. 

• The most important thing a family can do is encourage 
and build upon the child’s natural curiosity. “Let’s find 
out..’’ 

• Parents should utilize naturally occurring activities in 
the home, as well as their own interests to expand their 
child’s world “Look at this..!’’ 

• Instead of telling children what to do or giving them an 
answer, ask questions: “Why do you think..?’’ 

• Children should be encouraged to predict actions or es- 
timate quantities “Do you think it will rain...?’’ "About 
how much ...?’’ 

• Parents should model problem-st^lving behavior for their 



Model Science 

by Marta Larson, Field Service St)ccialist 

A search for model science equity programs reveals a 
plethora of hands-on programs, perhaps more than 
could possibly be utilized. But few c^f these prt^grams ad- 
dress issues t'i equity. They assume that all teachers are 
equally cc>;nfortable with science, that all students are 
equally tmnivated to learn science, and that all students 
adequately understand the importance ot science for their 
future career. We know that this is mn true, and other 
articles in this edition iTEtjuity Coalition will document 
these concerns, along with a number o\ recommendations 
for change. 

In this article, several iruxlels and approaches 



children, either verbally or non- verbally. “Let’s see, if I do 
this...” 

• Parents should provide children with practice in prob- 
lem-solving. “Could you figure out a way to...?’’ 

• Parents should encourage divergent thinking: “What 
other ways can you..?” 

• Children should be exposed to all kinds of natural phe- 
nomena and encouraged to use all their senses. “Look at 
those clouds...” “Doesn’t the stew smell good?” 

• Parents can help children to make their own toys and 
playthings. “Maybe we can make a desk out of this box..” 
Parents can reach back into their own culture for id .'as. 
“When I was a child grandma taught me how to make...” 

Some parents may need strong encourage- 
ment from sensitive educators if they are to take a more 
active role in their child’s education. They need to be 
convinced that they already are teachers and that teach- 
ing is an important parental role. Parents may feel they 
don’t know how to teach or they don’t have enough edu- 
cation to teach. They may be concerned that they do not 
speak English well enough to “Lcach” their child. They 
may be so busy with family and work responsibilities that 
they feel they have no time to “teach”. 

By showing parents how they are already fill- 
ing the role of teacher, educators may be able to encour- 
age them to vary their teaching activities to be more effec- 
tive. By helping parents understand that science is an in- 
tegral part of daily life, educators may be able to encourage 
them to foster their children’s interest in science. With 
good parental support, boys and girls can prepare for well- 
paying jobs in science and technology. ❖ 



quity Programs 

that go beyond hands-on activities have been selected tor 
discussion, and listed below in alphabetical order. These 
programs are intended to substantially change the way 
sc hotels teach science, or to significantly change the way 
students think about .science and future careers. These 
programs will help to break stereotypes about science, and 
increase the diversity of the student population that is in- 
terested in and feels confident abc^ut science. Many are 
specifically oriented toward females and Air students of 
color. What this article dtx's not cover is specific teaching 
techniques that can make a difference for these same stu- 
dents, a subject that is addressed elsewhere in this issue by 
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Tasha Lebow. 

It is recommended 
that teachers select one or more 
of these equity models to use as 
a foundation, and add hands-on 
activities as needed. Choo^lrq 
between these models is a 
daunting task, as they are all 
excellent. Perhaps the most 
effective way to select a mixlel 
is to first identify as specifically 
as possible the needs of the 
population that is to he served, 
and then look for characterise 
tics of the various nuidels that 
match the identified needs. 

Key characteristics might in^ 
elude student age, language 
group, and whether the prO' 
gram is school or community 
based. 

Cheche Konnen 

Cheche Konnen (shay^shay ko'NAY) is an approach fo' 
cused on bilingurd education, and the need for science 
curriculum in bilingual classrocMus. In describing the pro- 
gram, the auth(»rs explain that “in Haitian Creole, 

Cheche Konnen means search for knowledge. In under' 
taking this project, we sought lo develop an alternative 
approach to science for bilingual educators, and, by ex ten' 
sion, for all educators. From our perspecti\'c, science 
should he valued not solely as a means for teaching En' 
glish hut as a way of knowing and thinking in its own 
right. In this light, language is a means for scientific 
sense'making...A sensC'making appicxich represents a 
radically different orientatiem to leaching and learning 
than that found in tradilicmal classrooms. Students am' 
struct scientific understandings through an iterati\e pro' 
cess of theory building, criticism, and refinement based on 
their own questions, hyptuheses, and data analysis acii\ i' 
ties” (Rosebery ef td. . 1992). 

An example cd the Cdiechc Konnen method' 
ology is the Water Taste Test in which a group oi Haitian 
Oeole students at the Craham and Parks Alternative 
Public Schind (K'«S) in C'amhridge, Massachusetts dc' 
signed an investigation to determine whellier water loun- 
tains on various levels their scho(d building h<id better' 
tasting water. After conducting blind taste tests, they dis- 
covered that water from the fountain that they all he' 
lieved had hettet'tasting water was preferred by those 



taking the test. A scientific in' 
vestigatiem conducted by the 
students femnd water tempera' 
tu re differences that appeared to 
explain the blind taste test rc' 
suits, and, in the prcKess, unaC' 
ceptably high levels cd bacteria 
in all fountains in the building. 
Students in this class designed 
the experiments using Haitian 
Creole (their first language) and 
English, hut used English to 
conduct all tlie blind taste tests 
and to report the results. 

An unexpected result of the 
Water Taste Test was an in' 
crease in the interaction he- 
tw'een students in the bilingual 
program and students in the 
mainstream schotd ctimmunity. 
Students in the bilingual pro' 
gram were seen as “dc)ing stnnc' 
thing impf>rtant and [ultimately] recognized... as experts on 
water quality” (Rosebery et al . , 1 992). Language minority 
students using the Cheche Konnen approach haw dc' 
signed and implemented many such in\'estigations, with 
similarly fortuitous results. Cheche Konnen is a product 
of the Sense' Making in Biology in Language Minority 
Classrooms Project, a^dirccted by Dr. Ann S. Rosebery 
and Dr. Beth Warren. 

COMETS (Career Oriented Modules to 
Explore Topics in Science) 

CX')METS demonstrates an add'On approach to the sci' 
ence curriculum. It has two primary goals: demonstrating 
to early adolescents that continued study t'f science and 
math can have a career payoff, and to pique students' iii' 
lerest in science, especially encouraging females to cou' 
sider entering a science 'related career. 

CX^METS has 24 sets supplemental lesson 
plans (grades 5 '9) that can he pro\*ided to guest speakers 
(career role models) in science classes. The guest speaker 
can use the CX")METS materials to conduct a hands'on 
science lesson related to the eurrieuliim and their career. 
Students become involved in understanding the caieer 
area and its science content . Each lesson plan has three 
activities plus follow up activities. The lesson plans come 
w ith ideas lor loe.Uing and reeruumg guest speakers. 
Te,Khers seleei a CX'JMHTv^ lesson plan to correspond 
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The Checklist: 

How Equitable is Your Science Education Program? 



by Martha A. Adler, Field Service Specialist 

Directions: Answer each question with a YES or NO, 
even if some of the questions deal with a grade le\el with 
which you are unfamiliar. If possible, respond to the 
checklist as a member of a multicultural, gender represent 
tative team that includes administrators, teachers, parents, 
and students acrc«s grade levels, When necessary, ccdlect 
information to substantiate your answers. 

I. Science Education in General 

Does the implementation of your district's/school's 
science instruction and curriculum: 

1. Incorporate hands-on activities on a regular basis? 

2. Include cooperative learning actis’ities routinely? 

3. Emphasize problem solving and content equally? 

4. Allow students opportunities to talk about their 

science learning? 

5. Relate textbook knowledge to the science in the 

everyday lives of our cuiiurally div erse sticiety? 

6. Include career information on a regular basis? 

7. Include role models who represent both genders 



and people of different racial, cultural, and linguistic 
groups for students to interact with on a regular basis? 

8. Assure equal experiences for all students with 



avilable technology/ equipment? 

9. Promote the integration ot the science curriculum 



with other core disciplines (such as, literature, language 
arts, mathematics, and, social studies)? 

10. Aim at developing and encouraging positive 



attitudes tor teachers, administrators, parents, and 
students unvarvl science? 

1 1 . Develop and monitor partnerships with science 



and industry that include participation anil representation 
ot both genders and people of different racial, cultural, and 
linguistic groups? 

12. Assess students with performance-based criteria, 



which emphasire the (vpen-etided n.iture ol’seietue .ind 
the importance ot using language lor desenptiim and 
quest it ming? 



13. Assure that counselors, teaching staff, and 



parents are aware of strategies that encourage equitable 
participatitm of female and minority students in science? 

14- Monitor all teaching materials (filmstrips. 



videos, textbooks, posters, bulletin board displays) for 
their equal representation of both genders and people of 
different racial, cultural, and linguistic groups in the 
science community? 

II. Science in Pre-K — Upper Elementary 

In supporting your science curriculum, does your 
district/school: 

15. Provide inservice training for all teachers to 

update and, improve their science instruction skills? 

16. Support and train teachers vvhc’) are uncom- 



fortable teaching science? 

17. Emphasize accountability Lt teaching science on 



a regular basis in all classrooms?'’^'^'"^^^^^^ 

18. Encourage and facilitate out of .school learning 



experiences at all lev*els and for all skill groups? 

19. Monitor extracurricular science activities (such 



as annual science fairs) for equitable representation i^f 
students of both genders and of different racial, cultural, 
and linguistic groups? 

20. Establish guidelines for science fair projects that 



de-emphasizo the “wow” effect of experiments and 
encourage children to formulate their own questions and 
explore science in their own natural environments? 

21. Publicly acknowledge its strong commitment ti^ 



>cience as an integral part cif the school curriculum, rather 
than as enrichment? 

22. Provide assistance for teachers in obtaining the 



necessary materials and equipment for teaching science 
with an experiential emphasis? 

2 3. Form partnerships with parents to define their 

roles in supporting science education for their children. 

24- lV-emphasi:e the textbook approach to science 

in favor of an experience-based approach? 



o 
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25. Do outreach efforts that include parents who are 

representative of the entire student population on 
decisions regarding science activities and explorations 
with children? 

III. Science in Secondary School 

In supporting your science program does your district/ 
school: 

26. Make sure that students of both genders and of 

different racial, cultural, and linguistic backgrtHinds have 
equal access to all science courses? 

27. Require all students to take a corn set t>f courses 

in biological and physical sciences that integrates both 
quantitative and descriptive methodologies? 

28. Monitor course content so that m) student is left 

with a “watered -down” science curriculum? 

29. Make sure that all selections frtnn the core set of 

courses be comparable (e.g., home economics is not 
allowed to substitute iav biology)? 

30. Mtmitor enrollments for equitable representation 

of students of both genders and of racial, cultural, and 
linguLstic groups in advanced placement classes? 

31. Monitor lab partner assignments so that students 

share equally in all a.spect.s of lab work, including setting 
up, conducting the experiment, writing the lab report, and 
cleaning up? 

^2. Assign highly qualified teachers to core science 

courses, making sure that they are representative of KhI. 
genders and of different racial, cultural, anei linguistic 
groups? 

33. Monitor career day programs for representatum 

frcmi a variety c^f science careers with career models who 
represent the diversity within the school ccanmunity. 

34. As.sure that counsek^rs and teaching staff affirm 

and priMiuMe the participation of students both genders 
and of different racial, cultural, and linguistic groups in 
science-related careers ? 

35. Assure that suidenis ha\e equal experience with 

extracurricular activities (such as science clubs, science 
fairs, or “Science (.Olympiad” programs)? 

36. Form partnerships with parents to define iheii 

roles in supporting the .science education and future 
careers of their children? 



Scoring the Checklist 

Sa^ro ONE POINT for each YES answer. If yc)u have responded 
to the entip. checklist, then s^ore one point for each of rhe 
questions lo. part I ( I -14), one point for each of the quesitons in 
part II ( 15-25), and one pcant for each of the questions in part 
III (26-36). 

L Science Education in General: 

^^^-36 points C'^ongratukitjon.s.' You ha\'c equity in proper 
perspective. 

20-29 point.s Good Start, Kcej) Working at It! You have the 
elements of a rikkI beginning. Examine each NO answer. Can 
you group any of these questions into categories? Do they fall 
along grade level or amnher category ? Bring these issues up with 
your school/district in order to improve the status of science 
education for all students in your system. 

0- 1 9 points It’s Never Too luitc! Examine the areas where 
you were able to respond positively. Wliat has made it possible 
for these to ho incorporated for science education in your 
district/school? T.ien examine the questions where you 
re.sponded negatively. Try to identify possible barriers and 
solutions to bring your schtxd/district up to a more equitable 
le\'ol of educating all students in science. 

IL Pre-K — Upper Elementary; 

If ytui have rospondeil as an indi\ ijual with a PrO'K — Upper 
Elementary' perspective, then score one point for each of the 
questions in part I ( 1-14) and one point for each of the que.stions 
in part II V i 5-25). 

20-25 points Congratukttions.' Share what you do with inher 
schools/districts. And take a look at what’s happening at the 
Nccondary level in your district. 

10-19 points Cj<Kxi Skirt, Kec[) Workiuf^at It! You have the 
elements of a gixxl beginning. Group the questions together hy 
yiHir negative and positive respon.'ies. Do you sec any pattern? 
Whar is working U^r your district/scliool ar this grade level? 
What’s missing? Share this checklist with others in order to 
dcveli^p a plan of action and .strategu for how you can improve. 

0'9 points It's Never Too luite! Examine the areas where 
you were able resptmJ positively. What has made it possible 
for thc.se to he incorpt^rated for science educaiion in yc ur 
district/schoid.’ Then examine the quest ion.s where yoj 
resptMided negatively. Try to identify po.ssihie barriers and 
solutiinis to bring ytuir .school/district up to a more equitable 
level of educating all .students in science. 

III. Science in Secondary School: 

If you iiave responded as an individual with a miJdle/junior — 
high scliool perspective, score one point for eacli of rhe 
v]uestions in part I ( 1-14) and one point for each of tlie questions 
in part III (26' 36). Use tlie same .scoring as descrihed aho\ for 
part II, Pre-k Upper Hlementarv. 
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Model Science Equity Programs 

Continued from page 19 

with the area of the curriculum currently being studied, 
thereby helping students experience how the science cur^ 
riculum relates to future careers. 

COMETS Profiles are biographical sketches 
of women in scientific professicms; it serves as a compan^ 
ion to the career oriented modules. The COMETS Pnv 
files also includes supplemental language arts activities tor 
students. COMETS w-as developed at the Department of 
Curriculum and Instruction, University of Kansas at 
Lawrence under a National Science Foundation Grant. 

Decisions About Science 

This resource is part of a series for middle school students 
about developing self concept and decision making abili' 
ties. It provides students with information about male and 
female attitudes toward science, scientific knowledge 
about human development and the environment, and an 
opportunity for students to make environmental decisions 
based on their previous studies. The ultimate goal is to 
chaiige students’ stereotypical attitudes toward science, 
and to inform them about the relationship between sci- 
ence and occupational opportunity. 

The activities in this unit are hands-on and 
interactive, at several levels of complexity, and sequenced. 
Students work in cooperative groups. It includes a list of 
print and audiovisual resources for enrichment, a teacher’s 
guide, student text, and an implementation handbook. A 
part cT a series entitled Fair Pki\: Developing Self-Concept 
and Decision-Making Skilb in the Middle School, it was de- 
veloped at Florida State University under a Women’s Edu- 
cational Equity Act (WEEA) grant, and published by the 
WEE A Publishing Center. 

Family Science 

Family Science, which is similar to its sister program. Fam- 
ily Math, is designed to help increase the participation of 
women and under-represented minorities in math, sci- 
ence, and technology. Parents and elementary school 
chililren attend Family Science classes together and work 
as a team on scientific activities using materials and iienis 
that are readily available in their own homes. Important 
scientific concepts are explored in an enjoyable, informal 
setting, where both children and adults are encouraged to 
learn the process of science, t,ilk and think about science, 
and become aware of tlu .nany career doors that are 
opened by an ability to "think scientifically." Role models 
are an important part of the Family Science model, with 



adults employed in science-related careers invited into the 
class to talk about their career and demonstrate tools re- 
lated to their work. Family Science classes are usually 
held in the evenings, once a w'oek for a period t^f 4'6 
w'eeks. Schotds are particularly encouraged to recruit 
families of children of color, those with first languages 
other than English, families of female students, and fami- 
lies with knv incomes as pardcipants. 

There is a Leadership Development compev 
nent of the Fainily Science program. Teams of educators, 
administrators, and parents who would like to lead a Fam- 
ily Science class arc taught the activities, learn strategies 
for recruiting and retaining hard-to-reach families, and 
increase their understanding of the equity principles in- 
\'olved. The teams then begin to conduct Family Science 
classes in their school or district. 

Family Science was primarily de\'eloped by 
Peggy Noone and colleagues at Portland [Oregon] State 
University. A Family Science book is in the process of 
being developed. The Family Science program us being 
disseminated nationally by a network of participating 
agencies, including the Programs for Educational Oppor- 
tunity. 

Finding Out/Descubrimiento 

This program began as a bilingual math and M'ience cur- 
riculurn for elementary school students. It is a multiple- 
abilities curriculum, w'ith more recently-designed materi- 
als fc>r the middle school grade levels. Its primary focus is 
on the development of higher-order thinking skills in het- 
erogeneous classrooms, using activities that apply math 
and science to everyday life. 

Materials are available in English, Spanish, 
and pictographs, and include instructions, worksheets, ac- 
tivity cards, and materials for manipulative activities. 
Children work together in learning centers on math and 
science-related activities that emphasize learning how tt^ 
learn, asking questions, and logical thtnighi. Children 
experienced at using this approach learn to think through 
given pr(.)hlems, de\'elop strategies to solve tho.se prob- 
lems, and report their results. The mtKiel has undergone a 
considerable amount of evaluation, which has validated 
its effect i\ eness. 

The curriculum includes a classroom imple- 
mentation model, a teacher training model, and a model 
for organizational support. The nuKlel, which was created 
by Edward DeAvila with funding from the National Sci- 
ence Foundation and the Walter S. Johnsiai Foundation, 
is loc.i 1 at the Program for C'omplex Instruction, at the 
Stanford University School of Education. 
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How High the Sky? How Far the Moon? 
A Program for Girls and Women 

This K'12 curriculum resource is designed ro encourage 
girls and women to pursue sciences and mathematics and 
to expand their interests in scientific and technical ca^ 
reers. It contains specific information, classrot')m activi' 
ties, a career guide for women, role model informal >n, 
and an extensive bibliography. (A word of caution about 
the bibliography and career information — the material 
was prepared in 1979, so many of the statistics are out of 
date, but the activities are still quite useful.) 

The curriculum w^as developed to help edu' 
cators prepare girls for scientific and technical jobs, to 
make science and mathematics relevant to daily life, and 
to increase awareness of scientific careers and women who 
are employed in science^related careers. It was developed 
by Sharon L. Menard of Lafayette, Colorado under a 
Women’s Educational Equity Act (WEEA) grant, and 
published by the WEEA Publishing Center. 

Operation SMART 

The goal of Operation SMART is "to help girls acquire an 
attitude of scientific inquiry toward everything they do” 
(Clewell et al . , 1992, p. 259). Operation SMART is ori- 
ented toward girls age six through eighteen, and consists 
of a number of components, including structured sessions, 
integration of math and science into existing programs 
and activities, career exploration, family involvement, and 
use of community resources. Many of the activities focus 
on everyday life events and issues. SMART activities arc 
mainly hands-on, and can be used along with field trips, 
speakers, mentors, and internships to stimulate a feeling of 
comfort and competence in scientific inquiry- among the 
participants. 

While the components were de\ elc)ped by 
Girls Incorj^orated (formerly Girls Clubs nf America) with 
their centers in mind, many schools have incorporated 
Operation SMART materials into their curricula. Project 
SMART materials have been field tested, and an exten- 
sivc program evaluation was completed prior to dissemina' 
tion. 

Materials lor Operation SMART include a 
planning guide, activity guide, videt>tape of girls using the 
materials, training guide, program and evaluation acti\ i' 
ties, accompanied by hands-on science and math acti i- 
ties. Operation SMART was developed witli staff s ipport 
from IRM, and grant funds from the General Hlectric 
Foundation, and was piloted in Girls Incoq^orated centers 
in Massachusetts and New York. 



Playtime is Science 

Playtime is Science is oriented to helping parents, teach- 
ers and children aged four to seven work on scientific con- 
cepts together. Parents and teachers serve as facilitators 
for child-centered, discovery'-cuiented, highly interactive 
physical science activities, using materials easily ft^und at 
home, or in the classroom. Key concepts include the de- 
velopment of higher-order thinking skills, particularly in 
the areas of visual-spatial, estimation, decision-making, 
and problem solving. 

Materials include training videotapes, a 
manual and activity cards for implementing the program, 
and a home activity book for parents. Playtime is Science 
is funded by the National Science Foundation, and was 
created and piloted in the New' York City schools by Edu- 
cational Equity Concepts, Inc. Training and pilot projects 
have been ctinducted in both English and Spanish-speak- 
ing settings, and a national dissemination efftut is under- 
way through the Desegregation Assistance Centers, in- 
cluding the Programs for Educational Opportunity. 

Science Activities for the Visually 
Impaired (SAVI) and 
Science Enrichment for Learners with 
Physical Handicaps (SELPH) 

The SAVl/SELPH project is an interdisciplinary, 
multisenst^ry science enrichment program which has been 
used effectively with students with all types of disabilities, 
and has also been found to be highly effective with stu- 
dents who do not have disabilities. Although it’s major 
focus is on students in grades 4-7, it has actually been used 
with students between 1st and 10th grades. The core of 
the program is a science learning center, to which the stu- 
dents rotate. It can he set up for homebound students, 
and acti\ ities are quite suitable for parents to lead. Guide- 
lines arc also provided for pairing students with and with- 
out disabilities in learning teams. 

Components of the program include printed 
activity instruct itms, teacher information, .student equip- 
ment kits, and a philosophical background. There is a 
Leadership Trainer’s Manual available. Teacher instruc- 
tions include procedures and techniques for making the 
actu ities more accessible to students with specific disabili- 
ties, and notes that are helpful for implementing activities 
in a trouble-free manner. 

The SAVl/SELPl 1 materials were developed 
with funding from the U.S. C^ftite of l.ducaiion, anti are 
available from the CA'nter for Multisensory Learning at 
the Lawrence Hall of Science, Berkeley, C'alifornia. 
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Science Careers Program 

The program avnsists twelve awareness activities, C(»\ - 
cring issues like the diversity of science and technology 
careers, knenving that one does not need to he a genius to 
succeed in a career in science or technology, helie\ ing 
that the ability to be a successful scientist is not restricted 
to any one race or sex, and learning that women need not 
give up marriage and motherhood to pursue scientific ca- 
reers. Each activity features brief backgrtnind inh^rmatitm 
fc)r teachers and detailed guidelines for use t>f the acti\ ity. 

A f’ilmstrip/cassette entitled “Exploring Careers in Science 
and Engineering,” and a series of posters of scientists at 
work help show students the diversity of scientists and sci- 
ence careers. Resource materials for teachers include ar- 
ticles on .sex, race, and handicap role stereotyping and a 
compendium of famous women and minority scientists. 

The goal of the program is to increase the 
career relevance of science educatitin for all students 
(grades 4'9), while particularly enct>uraging female and 
mim^rity students to consider science and engineering ca- 
reers. This curriculum package was deveKiped with sup- 
port from the National Science Foundation, and can be 
obtained from Research Triangle institute in Research 
Triangle Park, North Carolina. 

Solving Problems of Access to Careers in 
Engineering and Science (SPACES) 

Designed for students in grades 4' 10, this collection t^f 
career-related activities helps students develop logical rea- 
soning and problem solving skills. Activities include de- 
sign and ciMistructii>n, visualization, familiarity with tiioR, 
attitudes and personal goals, job retiuirements, and infor- 
mation about women in careers. 

SP.^CTS was developed with a National Sci- 
ence Foundation grant by EQUALS at the Lawrence Hall 
oi Science, University of C'alifornia, Berkeley. ♦> 
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Twelve Answers to the Question: 

“What Can I Do In My Science Program?” 



lyy Tasha Lchou\ FicLl Service Sl)ecialist 

AKINC SUBSTANTIVE IMPROVEMENTS in 
w.:hool programs need not he an issue of high cost 
and complex new programs. Many of the most important 
aspects of change are more related to broadening expecta- 
tion, emplc^ying new instructional strategies and articulate 
ing historically unspoken messages. The cost in tlt^llars for 
making such change may be minimal, but the required 
investment in personal commitment and follow through is 
high. 

The following list of strategies is presented as 
stimulus for all educators to look for methods of positi\’e 
change in their programs, regardless of their current eco- 
nomic conditions. 

1 . Provide opportunities for elementary and high school 
teachers to share their content-related skills and 
successful instructional strategies with each other. 

We know that the use of manipulative.s, cooperative 
groupings, and hands-on learning are areas in which many- 
elementary teachers are expert. These instructional tech- 
niques are currently being promoted as essentials to facili- 
tate learning in high school science courses, as they 
greatly enhance comprehension. But few high school 
teachers received preservice raining in these instructional 
techniques. 

Because of limited course work in science 
methods and content, many elementary teachers speak 
openly of their limited experience or comfort with aspects 
of the science curriculum. The constant evolution in sci- 
ence theories, practices, and n dated technology means 
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even highly science-literate primary teacher can benefit 
from ongoing inservice programs from science professiem- 
als. Current elementary science and math approaches in- 
troduce many concepts previously covered much later in 
the curriculum, such as physics, chemistry, geometry and 
early algebra. The preservice education of many primary 
teachers provided only minimal coverage of this content, 
leaving them with limited resources. All school districts 
contain highly trained science teachers at the high .school 
level, many of whom have stayed current on recent ad- 
vances in their fields. They can be valuable assets when 
utilized to supplement the limited preparation or comfor*" 
level of the elementary staff. 

There lies within these strengths and weak- 
nesses of the two groups of teachers the balanced poten- 
tial for a colleague-to-colleague skills sharing program. 
Structured inservice workshops that create linkages be- 
tween high school teachers and elementary teachers can 
vastly improve the skills of both groups. Creative use of 
local resources can both build the effectiveness and com- 
petence of primary teachers relative to the content, and 
help high school teachers diversify their instruct ion ai 
methods. This approach compounds the benefits to stu- 
dents, guaranteeing that they will be better prepared 
when they reach the high school science program, where 
they are likely to find more effective, “student -friendly” 
instructional methods. 

2. Institute student-centered instructional approaches 
that build concrete understanding of the content. 

Real comprehension means moving from rote memoriza- 
tion to techniques that help students construct working 
knowledge. In classrooms utilizing a construct itmist ap- 
proach students gain experience in the integration of 
ideas, formulation and testing of hypotheses, and evalua- 
tion, elaboration, clarification and adjustment of ideas. It 
is an approach founded on the principle that students 
learn best what they discover for themselves, and tend not 
to completely comprehend what they are only told. The 
best science instructional approach allows students to 
have the personal experience of discovery when learning 
science concepts. Rather than passive recipients of facts 
to memori'.c and repeat on commaml, students formulate 
the tlireciion that the science inquiry will take. When 
students take an active role in identifying resources, plan- 
ning activities, and designing investigation techniques the 
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leaminj’ process is accelerated, for connections between 
facts and applications become immediate and practical. 
They constantly reflect on and evaluate their skills and 
performance, and often find wa.ys to remediate any defi- 
cient skills, as necessary. 

3. Validate other ways of ‘‘knowing’^ through the 
recognition of qualitative as well as quantitative 
research and observation techniques. 

Many students have the misconception that there is only 
one right answer to the questions of science. The idea 
that science is a catalogue of absolute truths that must be 
quantified is reinforced through some textbooks, labora- 
tory experiments, and the manner in which the media re- 

High achieving girls and 
students of color are often 
targets of negative peer pressure 

ports on scientific thet)ries and discoveries. Most science 
curricula do not accurately reflect the level of intuitive 
insights and creativity involved in science, but focus tin 
isolated statements of fact and statistics. This contributes 
to students’ misconceptions about the nature of science, 
and is often cited as tine of the reastins that they dti ntit 
“like“ science. 

When students incorporate all of their 
senses and ways of understanding the wt'**ld in learning, 
their personal experience is validated as their first hand 
knowledge builds. It moves science frtim the cerebral ctin- 
tent tif a litany tif tacts to a complex prtice.ss ot using tnir 
skills and ptivvers to understand the world. A lesson in 
physics may involve building simple machines ui lest hy- 
pothe.ses, rather than reading principles from a textbtxik. 
The ta.sk requires the u.se and integratitin of numertius 
skills .such as sensory input and evaluation, effective in- 
struction gives an accurate picture oi htiw science kmnvh 
edge is used in practice. 

4. Utilize assessment criteria that incorporate the full 
spectrum of skills in science applications. 

Moving to portfolio evaluation techniques can alKnv stu- 
dents to demonstrate working knowledge in ways that 
multiple choice tests do not. Teacher* who collect diverse 
examples of studenl’s work related to a specific concept 
over a period of time can vic!W the progression in that 
student’s ctimprehen: ion. The focus moves to what stu- 
dents know and can demonstrate, rather than how many 
problems they got wrong on an exam. ( simplex assess- 



ment methods can, when necessary, help identify where a 
student’s understanding went astray, or when their grasp 
of the principles .soar past the limits of the standard cur- 
riculum. It is also a useful tool for validating the accom- 
plishments of historically underrepresented groups who 
may inaccurately perceive their abilities in math and sci- 
ence a.s limited. 

5. Promote the human side of science. 

Probably more that .any other field of inquiry children and 
young adults cling to stereotypes about science. The lim- 
ited stereotyped perception of scientists contributes to the 
lack of appeal of science careers. When pushed a little, 
most people will expand the definition of who uses science 
to include engineers and medical professionals. Role mod- 
eling programs that bring into classrooms people who use 
.science in their professions, but who are not usually de- 
fined as “scientists” can make a real difference. When a 
diverse group o\ workers talk to students about how .sci- 
ence helps their work students’ notions of who does — and 
of who depends upon — .science can be expanded. This 
can include a.s diverse a group as electricians, county ex- 
tension agents, fire fighters, farmers, photographers, dieti- 
tians, anc veterinarians. A diverse range o( people who 
depend on science can help students understand the appli- 
cations ot science principles and theories. Providing liv- 
ing examples ot women and minority scientists can 
cxnmter the stereotypes of science as the domain of white 
men. 

( Career fairs are good vehicles for providing 
an opptirtunity tor children to hear from science-related 
workers. They are most effective when the presenters in- 
clude their personal st<.iries, giving e\'idence that one need 
mn sacrifice personal or family life to concentrate tin a 
science-based career. Li\'ing examples tit petiple who have 
tiverctime barriers tti achieve their gtials, and whti have 
meaningful perstinal lives, help children see scientist.s as 
real petiple and as ptissible lives tti emulate. 

The u.se tif role model programs are best 
when Itmg term relatitinships are established. Many prti- 
tessitinal tirganizatitins, civic groups, and some major ct>r- 
porations have begun speakers bureaus, and other re- 
stiurces tti help schtiols find role mtxlels for students. 

6. Create an inclusive climate in which all students 
support one another’s academic success. 

Ttio tiften, high achieving students whti are girls tir stu- 
dents tif ctiltir report that they were subtly or openly con- 
frtimed by a luisiile, unfriendly climate in advanced math 
and science classes. It is iu»t entiugh tti create ptisitive 
attitudes in targeted histtirically under-repre.sented groups. 
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All staff and all students shouki ha\'c expanded mle and 
skill expectatums for j^irls and students of color. We must 
strive to replace the competitive, “sink^or-swim” attitude 
from advanced science classrtioms with a collaborative, 
mutually supporting climate. Students need to see the 
challenge as each person striving for success with the con^ 
tent of knowledge, rather than student against student. 
There is room for every'one to succeed. In classrooms that 
focus on students’ mutual goal of understanding the con- 
tent, all students report greater comfort in the class, and 
increased confidence about their potential for success with 
the content, Some strategies useful to this effort are coop- 
erative group designs for course work and test.s, formalizing 
study groups, and peer tutoring. 

Outside the classroon'i, high achieving girls 
and students of color are often the targets of negative peer 
pressure related to achievement and personal goals. This 
pressure is especially intense for African American young 
men. The development of strategics to counter negative 
peer pressure is essential. Activities to counter the cul- 
tural attitude that math and science are only the domain 
of white males must he ongoing and crcati\'cly designed to 
defuse the power of negative peer pressure. All strata of 
the school pt)pulation need exfiosurc to nontraditional 
role models to counter the stereotypes so pervasive in the 
media and general culture. 

7. Utilize problem-solving to connect to students’ lives 
and student partnerships to link elementary and 
advanced science students in joint projects. 

The best way to attract students to science is to make it 
relevant to their lives. Content directly related to ques- 
tions and issues important to them can make strong im- 
pressions power and strength of .science to help us with 
many of the burning questions t)f contemporary life. Giv- 
ing direct, relevant experiences to students whii are most 
likely to withdraw from advanced science can change 
their perspective on .science’s relevance to their futures. 
Using student partnership programs that link high school 
science students with ytiunger students to jointly complete 
large projects can also create a “junior mentoring experi- 
ence.’’ When the joint project relates to some critical as- 
pect of the community, the power of the experience is 
magnified. 

One example of this approach can he found 
in the rural, northern Michigan community c'f 
Rt^scommon, Denis Fitzgerald, middle school science 
teacher, has created a linkage project between seventh 
grade earth science and high school chemistry stmlents on 
a significant local project. The community is graced hy 
the Au Sauhle River, a wild river famous for its fishing 



and scenic beauty. The students have taken on a k)ng- 
rerm monitoring project that is collecting baseline data 
and will later monitor the ri\'er’s erosion, pollutit)n, water 
quality, and wildlife. Where appropriate they will suggest 
strategies to k)cal leaders of w'ays to improve the river’s 
condiritm. The high school students help the middle 
schotil students with the technical aspects of the study. 
Besides helping monitor and impro\’e the river’s condi- 
tion, the partnership between the tw'o grades will hope- 
fully lead to increases in high school chemistry enroll- 
ments in a few years. Project leaders hope that a higher 
percentage of girls will follow through with advanced sci- 
ence study, now that they have had hands-on exposure to 
it. “We hope that today’s seventh graders will fill up the 
chemistr^f course when they are eleventh graders,’’ 
Fitzgerald explains. “They already ha\'e direct experience 
with the equipment and techniques they’ll find in the 
labs. And because of the love everyone in this community 
has for the Au Sauhle, they see that chemistry' has a direct 
benefit to them.” Other schotil districts in the w'atershed 
are now' joining the project. 

8. Monitor interactions of students that arise from, and 
contribute to, the disparate familiarity with science 
equipment, techniques and computers. 

Many hoys tend dominate classroom activities that in- 
volve computer laboratory experiment dyads tir teams. 
Because of greater resources at hc^me, and the male-focus 
i^f most computer games, middle class hoys have greater 
experience and direct contact with computers. Many de- 
\ elop a confident problem st^h'ing approach that is often 
more aggressive and direct than the prt^hlem solving style 
of girls and students with less experience with science- 
related equipment. When students are paired in ejass- 
riH)m work teams, attention must he given to avoid team 
assignments in which experienced students might over- 
whelm girls or less experienced students, who will often 
defer to the partner with more experience. It is common 
to find a laboratory dyad t Operating with the hoy undertak- 
ing the assignment or experiment, w'hile the girl (or le.ss 
comfortable student) takes notes. Teachers are wise to 
monilc'r the actual hands-on involvement of all members 
of a student team. Lab partner assignments pairing two 
potentially dtMn mating K^ys, and tW'o le.ss assertive stu- 
dents together may also he useful. The dominating .stu- 
dents will learn lo cooperate, and the less assertive .stu- 
dents w'ill overcome their apprehension and gain valuable 
hands-on experience. 

9. Telegraph high expectations to all students. 

We know from the re.search of Drs. Myra and David 
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Sadker, 

Dr. 

Dolores 
Graysi^n, 
and others 
th«u even 
very young 
children 
are skillful 
social pro' 
cess read' 
ers who 
internalize 
teachers’ 
expecta' 
tion about 
rheir abili- 
ties and potentials for success. Teacher biases are tiften 
unconscious and unintentionally communicated zo stu- 
dents through subtle \’erhal and non-verbal cues. Teacher 
support — both direct and subtle — cai^ make the difference 
to student perseverance and risk-taking approaches to 
wt>rk that is new or potentially challenging to them. 

All teachers can benefit fnm awareness 
about the subtle ways in which the teacher-student rela- 
titmship effects the self concept and achievement stu- 
dents. Aspects of the stKial process such as exclusionary 
language, or lower order questioning and brief response 
times for students perceived to be low achievers help con- 
struct and reinfe^rce students’ low expectations. When 
teachers study the research and are coached in pt^sitive 
behaviors, students’ self amcept, and ultimately achieve- 
ment improve. Workshops such as the Gender/Ethnic 
Expectatkm and Student Achievement model (GESA) 
provide teachers with the critical awareness of subtle as- 
pects of instructional interactitms. Such training provides 
specific prcKesses, skills, and instructional techniques as 
well as supplemental curricula that facilitate student ex- 
pectation and academic outaunes. 

10. Connecting science to other courses and content 
areas through an interdisciplinary curriculum approach 
builds understanding of the importance of science. 

All cultures, thrinigh all epiKhs iThistt^ry have developed 
and expanded their scientific knmvledge lo impmve the 
quality of life- Rather than compartmentalizing science a'' 
an isolated biuly of knmvledge, it is best tti relate science 
toamtent thrinighout the general curriculum. (Aumec- 
tions between scientific advancements arid discoveries 
and tuber areas of study emphasize how science ctnilrib- 



utes to 
concepts 
of reality 
and di- 
rectly ef- 
fects 
peoples’ 
lives. Dis- 
coveries 
in science 
have often 
changed 
the course 
of history 
and had 
wide rang- 
ing im- 
pacts upon other disciplines. How, for example, the fol- 
lowing science content relates with the specific course 
content can fascinate students: 

•the abacus, quipu, adding machine, calculator, ctunputer 
and develc)ping theories of math; 

•discoveries in physics and geology and prtigress related to 
human locomotion; 

•electricity and evolution of musical instrumentation; 
•physics in physical educatitin class or on the sports field; 
•chemistry and botany in art methods, cooking, or medi- 
cal arts; or 

•biology as described through literature. 

The opportunities to infuse science concepts into other 
areas of the curriculum are limitless. 

1 1 . Foster links to parents and community groups for 
additional support for students’ continued pursuit of 
advanced sciences. 

Schtu>ls alone can not change .society’s awareness about 
the universal need for science skills. Because parents are 
the most powerful influence on students’ course of study, 
informing parents about critical nature t^f amtinued study 
in science is critical to changing student s misconceptions. 
When parents are equipped with updated informiUion on 
career and ceillcgc “basic skills” requirements, they he- 
ceimc advocates for their children’s pursuit of advanced 
science education. 

CAimmunity, civic, and church leaders can 
also add their powerful voices to promote and encourage 
students to persevere in the sciences. Many community 
service organizations have stated gtxiK about improving 
the quality t>f life tTtheii ctmstituent grenip. Sii>ic sci- 
ence literacy is directly related to career and academic 
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mobility todiiy* these organizations can positively impact 
children’s lives by developing programs that enhance aca^ 
demic skills. Many professional organizations also have 
the intended goal of promoting study and pursuit of tech- 
nical and science careers. Many ha\ e science^outreach 
programs that offer mentoring or career exploration op- 
portunities for historically underrepresented groups. The 
national and local chapters of such groups can be useful 
resources for school programs and many offer brochure . 
and print materials that can be useful for informing \ br- 
ents and students about the benefits of advanced study of 
science and aspects of related careers. 

12. Ensure that mentoring and in-depth enrichment 
programs provide meaningful experiences for girls and 
students of color. 

Well designed and delivered special science programs can 
make the critical difference to many non-traditional stu- 
dents. Many college science departments, corporations, 
and professional groups now offer early science-exposure 
programs for students wht) show interest or aptitude in 
science. Sometimes run during summers, or week-ends 
these extra-curricular programs for middle or high school 
students ofter rich opportunities in job-shadt)wing, men- 
toring, etc. Some organizations sponst)r prt)grams in 
'School, such as science or space clubs. 

As with any prtigrams that alUnv t)utside 
groups access to students, participation in these programs 
necessitates very critical analysis of the operations and 
impact relative to historically underserved groups. Well- 
meaning outside groups may not be aware of educational 
equity issues or of the need for vigilant iiKmitoring and 
may perpetuate inequities through limited recruitment, 
biased materials, and faulty program design. If, for ex- 
ample, recruitment techniques for a special science club 
are not culrurally-sensitive, the results could produce all 
male, all white membership. By assuming that a simple 
public announcement ensures equal access, an outside 
group may not see an equity problem. School personnel 
are more aware of equity issues, and of the need for cul- 
turally/gender affirmative strategies. Because c)t their ex- 
pertise — and because of tbeir legal liability to ensure gen- 
der and ethnic balance in school connected programs — 
school administrators must consistently evaluate outside 
relationships. It may be appropriate tor programs with 
outside sponsorship to target membership to include mem- 
bers of historically underserved groups and directly recruit 
specific high potential students to ensure balanced partici- 
pation. Monitoring recruitment approaches, actual en- 
rollment, participation, materials, and outcomes will guar- 
antee equity of service deliver>’. ❖ 



Say Yes to Science 

CAmtinued from page I 

boys and girls are virtually even in math and science 
achievement in the third and seventh grades. However, 
by the eleventh grade, boys achieve at a much higher level 
than girls. While we are not absolutely sure w'hat causes 
this difference, it seems quite clear that there are stereo- 
typical societal perceptions that contribute greatly to 
these later grade achievement differences between boys 
and girls. Is it somehow OK for girls to be smart and to 
excel in science in the early grades, but not in adoles- 
cence.' Are girls led to believe that it detracts from their 
femininity to excel as scientists.' If this is the message, 
then it must be silenced, for the needs of the 21st century’ 
will require ever^'one who is capable and desirous of be- 
coming a scientist to be able to do so. 

We must w'ork hard to remove any and ail 
barriers to the field of science. Evidence shows that not 
only gender, but race, ethnicity and socioeconomic class 
(SES) are acting as gate keepers to becoming a scientist. 
Blacks and Hispanics are still almost twice as likely as 
white students to be in remedial mathematics classes. 

Low SES students are more than twice as likely as high- 
SES students to be in remedial mathematics classes. Re- 
cent findings also indicate that 50 percent of high-SES 
students reported attending algebra or advanced classes, 
compared with 28 percent of middle-SES students and 
only 1 5 percent of low- SES students. Also high-SES stu- 
dents are more likely than low-SES students to he in- 
vc)lved in conducting experiments in science classes on a 
daily basis (National Center For Education Statistics 
[NCES|, 1992b). While we may have made modest gains 
in including women and minorities in the areas of math- 
ematics and science, it is evident that we still have a long 
way to go before true equity is achieved. 

As we move rapidly toward the 21st century, 
we must attract more women and minorities to the field of 
science. Otherwise, the numbers of scientists will dimin- 
ish, and w'e will face a serious shortage of those most ca- 
pable cif helping us find our way into the future. If w'e are 
to go h)PA'ard with certainty, then we must find exciting 
and creative ^opportunities for women and minorities in 
the scientific world. ♦> 

References 

NCTS. 1992a. Sch/'rj| EffeeVi on EJuaitumnl Achicvcmi'm in 
(uui Sooicc. 19,S5*«S6. Wibhini’um, IXJ: NCES 92*066. 

N\Tv^. 1992b. A Pufftlc of American Ei^jhc/i-Cjrfldc iMatiicmaUc.s arul Sci- 
ence insmiction. Washini’ton, 1X2; NCES 92-486. 




Equity ("oa/m'on, Fall 1995 - Spring 1994 




lYograms for Educational Opportunity 



30 



Africans’ Contributions to Science: 

A Culture of Excellence 

Those piles of ruins which you see in that narrow valley watered by the Nile are the remains of opulent 
cities, the pride of the ancient kingdom of Ethiopia [here the whole of Africa, not the present day country 
of Ethiopia]. There a people, now forgotten, discovered while others were yet barbarians the elements 
of the arts and sciences. A race of men, now rejected from society for their sable skin and fr. 'sled hair, 
founded on the study of the law's of nature those civil and religious systems which stili govern thv ni verse. 

— C^ounr V\)Inoy (179 5, reprinted 1991, pp. I4T5) 



by Salojne Gehre-Egzicibher, Field Service Specialist 

I N THIS ARTICLE 1 want to correct the pre\'ailing 
misconceptions about Africans and descendants of AT 
ricans in regard to science. 1 will first outline why the 
contributions of Africans have not been recognized, then 
give a sample of the many contributions of Africans to 
science, and finally describe a school in Detroit that em- 
phasizes African contributions to science and thereby 
seeks to boost the self esteem of young African Americans 
so they can more readily embrace science and math educa- 
tion as part of their cultural heritage. 

There are at least three reasons why Afri- 
cans’ contributions to science have not been recognized. 
First, for non 'Europeans, science w'as not separate from 
spirituality, religion, culture, and cver^'day life. Scientists 
were also religious leaders. In contrast, for the past 600- 
700 hundred years a*!: least, Europeans have assumed that 
science was independent of culture, religkm, and pa.ssion 
or emotion, that to do science all one needed was dry 
logic and facts. This assumption weakened the relation' 
ship of science to culture -and religion and led Europeans 
to ignore African contributions to science. 

Secondly, in acquiring scientific knowledge 
Third World peoples, unlike Westerners, did not rely 
solely on rational/experimental method. Western science 
assumed that knmvledge in science could only be acquired 
by using the Western rational/laboratory experimental 
method (Adams, 1991, p. 32). This excluded other ways 
of knenving, such as intuition, (')bservation, and trial and 
error experimentatiem, especially in agriculture (Adams, 
1991 ). Therefore the scientific achievements of non'Eu' 
ropeans w'ho u.sed different methods were characterized as 
unscientific. 

The third reason scientific achievements of 
Third World peoples were minimized was the lack of 
technological dominance by the Third World, especially 
by Africans. This was compounded by racist attitudes 
which led to the belief that Africans, whom the Europe' 
ans of the sixteenth century enslaved, were not to be cred' 
ited for their scientific ability. Africans’ reputation as sci' 



entists was hurt because they did not keep w: itten rect>rds 
(in the Western sense of writing), and what little they did 
document was taken out of the continent and misinter' 
preted or distorted. What records were left in the conti' 
nent were ruined by lack of proper sti^rage facilities. 

However, some European authors from an- 
cient Greece to the present time, have given credit where 
credit is due. Many African societies were performing sci' 
entifically and technologically sophisticated works before 
the coming of the Europeans. We do not ha\’e space to 
list all of rhem, but here are a few examples. 

Astronomy 

For about 700 years, the Dogon people of Mali in West 
Africa recorded the path of the star Sirius A, which they 
called “sigi tolo”; then they discovered Sirius B, the tiniest 
and densest cc)mpanion of star of Sirius A, which they 
called “po tolo” (Adams, 1991 ). All that the Dogon 
people said about Sirius A and B has been confirmed by 
recent scientific revelations (Van Sertima, 1991). 

This scientific knowledge of the Dogon was 
dismissed in a racist manner by saying that the Di')gon 
must have had this knowledge from some Jesuit priest, or 
even from some extratof'restrial beings, and that the 
Dogon cou^d not have disc(n'ered Sirius A and Sirius R, 
let alone draw their paths just with their naked eyes. All 
of this ftugets, however, that the Dogim live in a moun' 
tainous region near the equator where the elders obser\'e 
the sky all night, and that their eyes adapt to toe dark eX' 
tremely well (Van Sertima, 1991). 

Secondly, non'European societies observed 
celestial bodies in order to establish calendars to deter' 
mine the exact dates for the sacred holy days, so they 
would coincide with nature’s cycles. In Kernel (ancient 
Egypt) scientific t')bservatitm of the sky predicted the 
flooding of the Nile precisely enough to tiecide when to 
start planting. This led to the creation of the oldest and 
most accurate calendar in the world which has 365 days, 
with 12 months in a year, 30 days in a month, and 5 addi' 



Ftjuity Qfalition, Fall 1993 ' Spring 1994 

I ' / . 



Programs for Educational Opportunity 



31 



tional days at the end o( the year. Present day Ethiopia 
uses this calendar exactly as it was created, with an addi' 
tional 6th day every four years, for Leap Year. 

Recent discovery of a megalith ic site in 
northwestern Kenya called Namoratunga is the first 
archaeo-astronomical evidence in sub-Saharan Atrica. 
“Namoratunga has an alignment of 19 basalt pillars that 
are non-randomly oriented um^ard certain stars and an'i- 
stellations. The same stars and constellations are used by 
modem Cushitic peoples to calculate an accurate calen- 
dar. The fact that Namoratunga dates to about 300 B.C. 
suggests that a prehistoric calendar based on detailed aS' 
tronomical knowledge was in use in eastern Africa” 

(Lynch & Robbins, 1978, pp. 766'768). 

Metallurgy 

Africans living on the western shore of Lake Victoria 
1500'2000 years ago smelted iron ore and produced usable 
carbon steel at a temperature of about 1800®C and did it 
with fuel-conserving techniques. A 2nd century A.D. ex- 
perimental Roman furnace reached the European record 
for that period, only 1600°C (Van Sertima, 1991, p. 9). 

Medicine 

Africans knew about diseases and their treatment, per- 
formed surgery, used plants, employed menval/spiritual 
therapy, and manipulated bones as required in order to 
heal an ailment. From 350 to 550 A.D., the Nubians may 
have used tetracycline from molds that grew in the stored 
grains, possibly dispensed by their physicians (Finch, 1991, 
note 1 5). Three widely used medicines in the I United 
States aspirin, Kaopectate and reserpine have one thing in 
common. The active ingredients in all of them arc found 
in plants in Africa: the bark of Salix capensis in aspirin, 
kaolin in Kaopectate, and rauwolfia in reserpine. Africans 
used all of these plants for treatment before the coming of 
the Europeans, and they still do (Finch, 1991). 

Imhotep of Kemet was a multi-genius who 
was the first physician. He li\'ed around 2980 B.C., so he 
should be considered to be the father of medicine instead 
of Hippocrates who lived about 400 B.C. and learned from 
the medical knowledge of the people of Kemet (Finch, 
1989, pp. 325-351; Newsome, 1991, pp. 128-129). 

Architecture 

Africans built buildings and monuments that definitely 
qualify as wonders of the world. The most notable ex- 
amples are the great pyramids, the buildings of Clreat Zim- 
babwe, and the eleven interconnected rock-hewn 
churches of Lalibela in Ethiopia. The architectural won- 



ders of the pyramids have not been duplicated by anybody, 
thtuigh .some European and Japanese scientists ha\'e tried, 
using iTuxlern technology. 

African Women in Science 

Wtmien in Africa played a rol«- in .science, especially in 
agriculture and healing. In most African countries women 
were (and arcO the farmers, and so they knew when and 
where to plant, which plants were good for food, and 
which were g(X)d for medicine. 

African Science in the Public Schools 

The Mae C. jemison Academy was established by the De- 
troit Public Schools to recognize the contributions of Afri- 
cans and African-Americans, past and present and espe- 
cially women, to science, math and technology, and to 
recognize their culture for excellence in these areas. Ac- 
corciing to Principal Schylbea Hopkins, the Academy was 
named for the first female African-American astronaut, 
Mae jemison, who flow on the space shuttle Endeavor in 
September 1992, just as the Academy opened. 

The Academy offers African-centered, co- 
educational math, science and technology from preschool 
through second grade. Its staff members believe that Afri- 
can-centered education will enhance the selfesteem of 
their students and help them understand that scientific 
achievement is a part of their cultural heritage which they 
should strive to preserve and continue. ❖ 
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Looking at Science Holistically: 

The North American Indian Perspective 

“Wc know that you highly estoLMn the kind of learning taught in those Colleges. . . . We are 
ci)n\’inced, that you mean to Jo us CjooJ by your Proposal; and w'e thank you heartily. But yi)u* 
who are wise must know that different Nations have different (Conceptions of things and ymi 
will therefore not take it amiss, if our ideas of this kind ot Education happen not to be the same 

as yours Several ofour young People were formerly brought up at the Colleges ot the Northern 

Provinces: they were instructed in all your Sciences; but when they came back to us, they were 
. . . ignorant of every means of living in the woods . . . neither fit for Hunters, Warriors, nor 
Counsellors, they were totally good for n<.)thing. 

. . .We are, however, not the less oblig’d hy your kindOfter, tho we decline accepting it; and, 
to show our grateful Sense of it, it the Gentlemen tifV^irginia will send us a Dozen of their Sons, 
vve will take Care tit their Educaiiim, instruct them in all we kntnv, and make Men tit them. 

On June 17, 1744, the commissioners from Maryland and Vurgima negotiated a treaty with the 



Indians of the Six Nations at Lancaster, Pennsyh 
invited to send boys to William and Mary College. 
(Hammer, 1987 Jp. 241), 

by Iva A. Smith, Fieki Service Specialist 

T his quote responds tti an attitude prevalent in 
the United States during the mid- 18th century, ves- 
tiges of which srill exist ttiday in tiur educational system: 
the attitude or assumption that European-based or West- 
ern ways of teaching, learning, and study are the correct, 
appropriate, onlv ways, and that the cultural heritages and 
fundamental teachings of other groups have no \'alidity. 
Because of this attitude most forms ot North American 
Indian scientific beliefs, intellect, and technology were 
systematically suppressed hy the early European dtimi- 
nance, colonization, and enslavement ot the Americas. 

This attitude continues to dominate discus- 
sions of mathematics and science and the methods one 
should use to teach and learn these subjects. It is thought 
that if science is not studied using the Western notion of 
the scientific method — hyptithesis, research, experimenta- 
tion, and conclusion — then neither the method mir the 
outcome is scientifically valid. Science as we study it in 
the United States has a Eurtipcan-culture iirientatiim 
which operates on the basis tif an empirical understanding 
of the world. Therefore, when faced with min -empirical 
concepts such as the ones used by Native Americans, sci- 
entists consider them to be mere superstitions. 

According to Webster’s Encyclopedic Un- 
abridged Dictionary, science is: 

1 ) a hr.im h of knowledge or stiidv dealing with a body ot tiicts 
or truths systematically arranged and shi»wing the operat ion oi 
general issues; 2) a systematic knowledge of the physical or 
material world. 



mia. As part of the negotiations the Indians were 
The next day they [the Indians] declined the offer" 



By these definitions, traditional North American Indian 
approaches to science and the study of science have been 
de^scribed as nun-scientific or dismissed as irrelevant. 
Nonethele.ss, the traditional American Indian approach to 
science is not a series of superstitions; rather, it is as valid 
as is the typical European-based approach. The American 
Indian approach has its own systematic knowledge of the 
physical and material world, but the system differs greatly 
trtim the European -based model. To North American In- 
dians science is not an entity separate trtim the rest of the 
world as these definitions would lead one to believe it is 
(or should he). Rather, it is an integral part of human ex- 
perience. It is balanced with an outUxik about life and 
living. North American Indian science emphasizes the 
spiritual aspects of all things, which is an integral part ot 
their view of life and nature. It focuses on the relation- 
ship between liuman beings and nature, a relationship 
based on balance, harmony, and interdependence rather 
than instability, discord, and conquest. 

For North American Indians, cultural con- 
cepts and science instructitm are interwoven and reinforce 
the traditiiinal htdistic view of nature w'hich is critical to 
their survival, both physically and spiritually. Ultimately, 
science helps the North American Indian understand the 
interaction between and the interdependence ot the ani- 
mate and the inanimate and the roles they play in the 
LIniv'er.sal C ^'1 Life. This is learned and taught expe- 
rientially and holistically, using the experiences of other 
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American Indians past and present, hut especially those of 
the elders, as a ^uide. 

The cultures of North American Indians 
have changed over the years, hut the values and concepts 
which form the basis for science teaching have remained 
the same. The emphasis in science teaching is on respect, 
love, and caring — respect for the animate and inanimate, 
love for al! life forms, and caring for the earth and the en^ 
vironment. 

Further, all life forms are seen as related. 
There is no di\'ision between higher and lower forms of 
life, with people seen as the highest form as is the typical 
European way of scientific thinking. Animals are seen as 
‘brothers’ and ‘sisters,’ and plants arc respected as ‘friends,’ 
as are inanimate objects. Respect is always given to the 
Earth and her gifts when anything is used. “We are all 
relatives’’ is a phrase most American Indians hear fre^ 
quently as they attend and perform in ceremonies; it em' 
phasizes the interrelatedness with things in the natural 
world. According to the noted political science professor 
and author. Vine Deloria, Jr. (Standing Rock Lakota), this 
phrase can he used “as a methodoK')gical toc')! for obtaining 
knowledge [and it] means that we observe the natural 
wtirld by looking for relationships between \'arious things 
in it” (Deloria, 1992, p. 37). 

American Indian students must be made 
aware of the tact that science has been and still is an intC' 
gral part ot their everyday li\'es. Unfortunately, surviving 
stereotypes often make them feel that scientific study is 
not for them. It is important, of ct'>urse, for students to 
know about the historical contributions of their ancestors; 
however, it is paramount that they understand that cou' 
temporary' science also relates to them. Only then will 
they feel that they can succeed in the numerous occupa- 
tions related to science. 

To accomplish this objective, science should 
be taught from an interdisciplinary approach that inte- 
grates scientific content and cultural curriculum compo- 
nents. Science courses will become culturally rele\’ant tor 
American Indian students it traditional concepts of natu- 
ral phenomena (seasonal changes, animal camouflages, 
rock tormations, and the like) are infused into the curricu- 
lum. This is an effective way “to relate elements ('if the 
regular school curriculum to the students’ heritage and 
experiences as Indian people” {Science (md Ctiltural C>ur- 
Wcukt, July 1986, p. 1). 

Addiriimally, such an integrated curriculum 
must include various American Indian contributions and 
contributors to science, past and present. It must mention 
cradlehoards, hamm(Kks, tipis, rubber, toboggans, anes- 



thetics, emetics, and metallurgy. It must recall that the 
early European settlers and conquistadors would have 
quickly perished if the North American Indians had not 
shared their scientific wisdom of botany, zoology, as- 
tronomy, and geology so generously with them and taught 
their knowledge so trustingly to them. 

Further, w'hile teaching about the scientific 
contributions of yesterday, emphasis must be placed on 
the fact that we still use many of those ccMitrihutions to- 
day in (me form ('ir another. The curriculum must discuss 
the use of willow hark to treat fevers (the bark contains 
salicin, a key component of aspirin), and nicotine (in the 
form of chewed tobacco) as an antiseptic for wounds and 
insect stings. It must recognize that American Indians of 
S(')uth and North America cultivated six out of the thir- 
teen major food plant staples: maize (corn), peanuts, po- 
tatoes, sweet potatoes, brown beans, and cassava (tapioca 
r(Xit). 

The curriculum must mention Medicine 
Wheels, large circular rock formations found throughout 
the Niirth American continent which were used by North 

N( 3 rf.h Atnerican Indian science . . . 
focuses <31.3 the relationship between 
human beings and nature, a relationship 
based on balance, harmony, and 
interdependence rather than instability, 
discord, and conquest. 

American Indians to track the stars. The Medicine 
Wheel, which varies fo^m tribe to tribe and nation to na- 
ti(')n “is a symbol of the four directions and the inter-con- 
nectedness of the w(')rld in which we live, . . . [and most 
importantly, it] stands for diversity, relationship and bal- 
ance” (Simonelli, 1993, p. 32). 

The curriculum shrmld note that American 
Indians have been and continue t(’) he “exemplary users of 
‘multiple-use conservatirm,’ i.e., effecti\'c management of 
natural resources through ensuring the use (’>f most parts of 
any given rcs(')urce, and minimizing waste” (Science and 
Cultural C.urricula, July 1986, p. 3). 

An integrated curriculum cannot forget Dr. 
(Charles A. Eastman (Sioux), a pioneer in the medical 
field, Susan LaFlesche Picotte (Omaha), the first female 
Native American medical doctor, and Mary Ross (Chero- 
kee), mathematician, engineer and aerospace pioneer. It 
must remind the students daily that ancestors of present 
day North American Indians were the (xiginal civil engi- 
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neers, metallurgists, mineralogists, geologists, energy coii' 
servationists, ecologists, hydrologists, pharmacists, etc., in 
this hemisphere. It must also respect and emphasize the 
holistic view of nature, combat the stereotypes that sci' 
ences, especially the so < ailed ‘hard sciences,’ are too dilti- 
cult for the American Indian student, and promote career 
options for students by making science an enjoyable en^ 
dcavor. 

Historically, science has been taught with 
textbooks, pencils, and paper, using the Western or Euro- 
pean method. North American Indian scientific study 
uses hands-on activities and employs the oral 
tradition of stiiry-telling. Oral tradition 
contains much information about the 
nature or way of things, and it can 
be a powerful technique tor 
teaching science. This 
method teaches petiple to 
become good listeners and 
teaches listeners to use all 
their senses to discover 
how all things in this 
world are intertwined. 

One such ancient stor^- or 
legend for teaching sci- 
ence from an American 
Indian traditional perspec- 
ti\'e goes as follows: 

|l|n the beginning days of life 
upon the earth, man, aniinab, and 
plants lived together in equality and 
mutual hclptulne.ss. Man was one with 
his environment in a beautiful balance of 
nature. The needs of all were inet in a world of 
beauty. Man became quite aggressive, however, in 
his relationship with the rest of his world and soon the 
harmony was disrupted. 

Aggressive man was multiplying so rapidly that the other 
creatures became alarmed and called a meeting of all insects, 
birds, fishes, reptiles and fourTooted beasts. Their hostility 
having been provoked, they joined forces against man and 
devised many di.seases to slow dow n his encroachment upon 
the earth. The bond between man and the other creatures was 
broken. 

Man found that his aggressive behavior had brought mucl'i 
sickness upon him and had made it hard for him to secure the 
fo(Ki he needed . . . 

The plant life remained friendly to man, however, iind when 
they heard about the many diseases inflicted upon him, they 
respondetl by offering themselves as cures and remedies tor his 
ailments. Em h tree, herb, shrub, grass, and moss devised a cure 
for man if only he would discover and use it. 

Thus man created a situation of struggle and turmoil. To have 
foovi and to keep himself healthy, he must consaler the 



hostility ofthe animals and the friendship of the plant life. He 
must carefully and prayerfully secure and prepare his meat and 
plant foods within the difficulties that he himself had devised. 
Through the years the delicate art of securing and preparing 
both food and medicines developed am. mg the Indian peoples 
(Sharpe and Underwood, 1973, p. 4). 

In the average science class, the prev'uius 
legend probably would be viewed as a nice tale belonging 
in a literature course with no acknowledgment tif the sci- 
entific value of themes within it. There are. however, sev- 
eral themes which are \'alid science issues embedded in 
the legend — all based on Nati\ e American kntiwledge and 
culture. This traditional method of teaching 
can be used in classrooms today to inte- 
grate Nati\ e American knowledge 
into science instruction. 

To acknowledge both 
the scientific wisdom of the 
elders, and the cultural 
memory and understand- 
ing which have been 
handed down through 
generations, one can 
quote Standing Bear, a 
Sioux chief, who re h ted 
the following: 

“I A I way from the woods 
grew the sand cherries on 
little low shrubs. Around and 
over the sand hills [where] not 
a blade of grass grew, these 
bushes flourished, yielding a lus- 
cious fr^. t which we were ver>' care- 
ful in gathering. We picked this fruit 
only against the wind, for if we stood with 
our body odors going toward the fruit its 
flavor was destroyed.” . . . But what on earth 
would inspire anyone to look into the direction of the 
wind when picking fruit? . . . The \ ariance in rain, heat, and 
other climatic factors would appear to be so much more 
important in determining the condition of the fruit that it 
would seem unlikely that anyone could isolate human body 
odor as the critical factor in the relationship. Yet the Sioux 
were able to identif y this element from everything else that 
needed to be considered (Deloria, 1992, pp. 37-38). 

The extenr of relaredness berween plant and 
human in rhi.s instance is a surprising one because “the 
human is the less sensitive participant” Peloria continues, 
atiding ”1 would be curious tti learn how . . . |a] botanist 
trained in Western science would explain how the Sioux 
di.sco\’ered this fact of plant life” (p. 38). 

Stiine examples of hands-on activities which 
emphasize the holistic view of nature as taught by Ameri- 
can Indians are noted in a description of acti\'itie> which 
took place at the Shannon Caiunty Science ('amp for 
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American Indian sfudcnts on the Pine Rid^e Reservation. 
Camp activities focused on making science culturally reP 
evant to its students. 

In a computer class, students learned how to 
make designs which could he used for Lakota head work. 
Lessons in geology, hydrology, and botany related to the 
geographic areas where the students lived. Students in' 
corporated photography with astronomy by building an 
observatory- and studying the Lakota year through the use 
of constellations. Then they took photos of space. 

Students also explored buttes while fossil 
hunting and then made edible buttes cnit of peanut butter, 
jelly and bread. Additionally, they learned about rock 
formations and soil erosion while making their buttes. 
“Build a butte, bite a butte” seemed to be one of the un' 
written mottos of the Camp's participants (Zukav, 1992, 
P-75). 

The students found out that hands-on activi- 
ties were much more interesting than merely listening or 
reading. They also ftmnd out that they could do science. 
Their self-esteem was raised because they found out that it 
was not too hard (or them, and most of all science did, 
indeed, relate to their every'day lives and was not at odds 
with their native culture. 

Students as well as teachers can discover that 
although the traditional Native American ways and the 
European w'ays (rf knowing, learning, and teaching are dif- 
ferent, using both methods will not impede students in 
learning about the issues involved in science. Rather, 
integrating traditional Native Anterican methods with 
European methods can encourage all students to use their 
imaginations and draw their ow'n inferences and conclu- 
sions. 

C'hildren are natural scientists in that they 
are always curious and asking questions. It is the obliga- 
tion of teachers and other educators to encourage their 
students' scientific curiosity, creativity, and discovery. For 
Native American students, w'ho often see their traditional 
teachings, values or cultural Victors denigrated or totally 
non-existent in the curriculum, using their traditional cul- 
ture in the classroom serves as a means for helping them 
to gain more interest in science education. 

Finally, a statement from Vine Deloria: 

It is my hope that the present generation ot Indian students 
will adopt .some version of this [traditional! methodedogy as 
they are studying Western science, . . . and leapfrog into 
prcMiiinence in their fields by writing and teaching fnan an 
Indian perspective. In this way science will move very quick ly 
nto a more intelligent understanding of the natural woild’* 

1992, p. ^7). ❖ 
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Funding for Equity in Science Education 



by Ted Wilsou, Editor and Research Associate 

U NDERRErRESENTATION wmnen and miov'irity 

j^roup members in science and engineering is receiv- 
ing mc^re attentiim frenn policy makers as amcerns about 
naticmal security ha\’e faded with the end oi the add war. 
As a result, more funding tor science education pn^grams 
geared to the needs of students from underrepresented 
groups is becoming available. Tliree pri^grams, two federal 
and one private, illustrate this trend, 

Eisenhower Math and Science Program 
The Eisenhower Act (P.L. 100-297 of 1988) authorizes 
the expenditure of funds for “improving the skills of teach' 
ers and the quality of instruction in mathematics and sci' 
ence in the Nation’s public and pri\’ate elementary and 
secondary sckxds,” Funding for Eisenhower state formula 
grants for this purpose has increased an av erage of 25 per- 
cent a year since 1988 to $246 million in FY 1993 
(Crudup, 1993, p. 1). 

More than twe^thirds of Title I I/Eisenhower 
Pr(^gram funding flows through state educational agencies 
to local school districts on the basis of their student popu- 
lation and local pov'crty levels (Knapp, p. 9). However, 
the funding is spread quite thinly and provides only short- 
term inservice training experiences averaging about 6 
hours per year per teacher (U.S. Senate Committee on 
Appropriatiems, 1992, pp. 69-70). 

Strengthening economic competitiveness 
and natiimal security was the purpose of the original 1984 
legislaticm which was the forerunner of the Eisenhower 
Program, but subsequent amendments require recipients of 
funds to take into account the need for greater access to 
mathematics, science, and computer learning programs bv 
students from historically underrepresented groups, in- 
cluding females, minority students, students with limited- 
English proficiency, migrants, and handicapped students 
(Knapp, 1991, p. 25). 

Hewever, Michael S. Knapp evaluated the 
Eisenhower Program and found that most states did not 
emphasize this goal. Furthermore, only I 3 percent of local 
schend districts suppcKted activities which placed an ex- 
plicit focus cm underrepresented groups (Knapp, p. 27). 

Rather than extensive regulaticm, he recom- 
mended additicmal leadership at the federal, state, and 
IcKal levels tc^ remedy this problem (Knapp, p. 37). For 
example, local science cev^rdinators and equity advocates 
ccHild wc^rk mem* clexsely together. Also, local districts 
may use Eisenhenver funds for science equity related prev 



grams such as recruiting or retraining minority science and 
mathematics teachers (Crudup, 1993, p. 3). 

For more information contact ycuir state de- 
partment of educat ion’s Eisenhower Mathematics and Sci- 
ence Program ccH)rdinator. For more general informatics 
about the State Fc^rmula C3 rants Program, contact the Of- 
fice of Elementary and SeccMidary Education, Scheud Ef- 
fectiveness Division, 400 Maryland Ave., S.W., Rm. 2040, 
Washington, DC' 20202 (mail stop 6140); Ph. (202) 401- 
1 336. 

National Science Foundation (NSF) 

The primary mission of the National Science Foundation 
is to support basic scientific research, but Congress has 
a ISC') assigned to NSF responsibility for improving science, 
mathematics, and engineering education at all levels. As 
a result, NSF’s budget for supporting precollege education 
in mathematics and science has been jumping by better 
than 20 percent a year (Trattner, 1992), and NSF re- 
ceived an estimated $309 million for precollege math- 
ematics and science educatic'>n in FY 1993 (Abel, 1993). 

Congress also asked NSF to help improve the 
nun’iber cT minority group members and women who enter 
the fields of science and engineering. “The statistics on 
this over the last 20 years arc not te’.ribly impressive,” ad- 
mits NSF deputy director Frederick M. Bernthal. “We 
have to do something different.’’ (Trattner, 1992, p. 412). 

NSF nc')w makes its equity and economic 
competitiveness goals very explicit in its stdicitations fc^r 
grant prcjposals: “The Feuindation has a particular interest 
in improving the quality of and access to science, engi- 
neering, and mathematics education for women, mim^ri- 
ties, persons with disabilities, and other populations tradi- 
tionally underrepresented in scientific and technical fields 
of study. For in the years ahead, these groups will cc'u'n- 
prise a grtnving proportion of the pool of U-S. student^ 
frtim which a highly skilled work force will be drawn” 
(NSF, 1992, p. 1). 

NSF is alsti beginning to wtirk more directly 
with slates and schotils in many of its K-12 activities 
(C'arnegie Caimmi.->sion, 1991, p. 48). NSF’s Division of 
Human Restuirce Develt)pment has primary responsibility 
for managing the effort to expand the participation of 
women, minorities, and persems with disabilities, and its 
equity goals are realized through such specifically targeted 
funding programs such as Summer Science C'amps, Part- 
nerships ft^r Minority Student Achievement, and Compre- 
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hensive Regional Centers for Minorities (NSF, 1993, p. 

10 ). 

Of NSF’s $309 million for prccollege math 
and science education in FY 1993, some $1 Z^l 5 million or 
about 5 percent was designated for activities to encourage 
underrepresented populations to participate in science and 
math. Between $2 and $5 million of these funds were spe^ 
cifically designated for activities for women and girls. 

In addition to these specifically targeted pro- 
grams, NSF strongly encourages minority students and 
girls to apply to such competitive programs as the Young 
Scholars Program. Furthermore, many of NSF’s efforts on 
behalf of underrepresented groups are folded into its re^ 
search grants through various kinds of participation. 

For example, the University of Michigan just 
received a $1.35 million NSF grant to expand its water' 
shed studies program that links secondary school students 
and teachers throughout the world. The Rouge River 
project, for instance, electronically links schools from in- 
ner'City Detroit with schools in suburban and i ural areas 
in the same watershed, making it possible for diverse stU' 
dent populations to learn more about one another and to 
work together to resolve issues that affect them all 
(Kellogg, 1993, pp. 1,8). 

For more information contact Human Re- 
sources Development, Directorate for Education and Hu' 
man Resources, National Science Foundation, Washing- 
ton, DC 20550; Ph. (202) 357-7350. 

Annenberg/CPB Math & Science Project 

The Anne nberg/Corporat ion for Public Broadcasting 
Math and Science Project is a 12-year effort to help all 
children excel in math and science. Annenberg/CPB pro- 
vides about $10 million in funding each year to regional 
math and science improvement efforts, particularly those 
which use telecommunication and informatiim technolo- 
gies. 

Like the federal programs already described, 
Annenberg/CPB emphasizes underrepresented popula- 
tions — African Americans, American Indians, Mexican 
Americans and Puerto Ricans. However, it has been less 
active in supporting math and science education programs 
targeted to girls. 

In one Annenberg/CPB grant, the Quality 
Education for Minorities Mathematics, Science, and Engi- 
neering Network (Q.E.M. Network), a Washington, DC- 
based nonprofit advocacy group for minority education 
received a $1 .5 million to develop a tadre of minority 
teachers in math and science. The grant will fund Q.E.M. 
Network’s Teacher Leadership Corps Project, which aims 



t(^ create a group of 100 African-American, Native- 
American, and Hispanic teachers. The project is headed 
by Mary Hat wood Futrell, former president of the Na- 
tional Education Association. 

In imother Annenberg/CPB grant, the India- 
napolis Public Schools will develop the Mat/i/Science/ . 
Technobgy Teacher Academy of minority teachers to bring 
innovative changes to the teaching of mathematics, sci- 
ence and technology education in elementary classrooms 
throughout Indiana. Ms. Billie Moore directs the Acad- 
emy which is housed at William A. Bell Elementary 
School (IPS ^60). 

For more information contact the 
Annenberg/CPB Math and Science Project, 901 E Street, 
NW, Washington, DC; Ph. (202) 879-9654. ❖ 
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Recommended Resources on 

Science Education and Equity 



by Eleanor Linn and T ed Wibon 

Public Policy Statements 

Malcolm, Shirley and Matyas, Marsha Lakes. 1991. /luvsting in 
Human Potential: Science and Engineermg at the Crossroads, Ex' 
ecutive Summary. Washington, DC: AAAS. 

Recommendations regarding programs tor women and mi' 
norities, :ind students with physical disabilities. 1 4 pp- 

Rutherford, F. J. Ahlgrcn, A. 1990. ScierKc for All AmeWcan.s. 
Scienti/ic Liu’racy, What is it? Why America Needs It, and Hoiv 
We Can Achieve It. New York: Oxford University Press. 

Includes reforms needed to reach women and minorities. 

Task Force on Women, Minorities ?-'d the Handicapped in Sci' 
ence and Technology. 1989. America: The Nete 

Face of Science and Engineering, Final /Report. Washington. 

DC: *' Jational Science Foundation]. 

Women ami Minorines in Science and Engineering. 1990. IWash' 
ington, DC]: National "Science Foundation. 

Statistics on underrepresent ion. Published biennially. 

Theory Development 

Aronowit:, Stanley. 1988. Science os Power; Discourse arid /(ieoL 
og>* in Modem Stxriety. Minneapolis; University of Minnest^ta 
Press. 

Keller, Evelyn Fox. 1985. Re/Iections on Gender and Science. 

New Haven: Yale University Press. 

Gendering of science, stereotypes of .science as a man’s 
world, and language of .science as masculine metaphors and 
values. 

Lewontin, Richard C.; Rose, Stephen; and Kamin, Leon J. 1984. 
N(;t in Our Genes; Bio/ogy, Ideology, and Human Nature New 
York: Pantheon. 

Biology is not destiny, not for IQ. not for ‘human nature.’ 

Longino, Helen E. 1990. Science os S(/cia! Kium'ledge; Values 
and Objectivity in Scienti/ic Jru^uiry. Princeton, NJ: Princeton 
University Press. 

A feminist and philosopher kniks at scientific methtxl. 

Research on Effective Strategies 

Clcwcll, Beatrix Chu; Anderson, Bernice Taylor; and Thorpe. 
Margaret E. 1992. Breaking the Barriers; Helping Female and 
Minority Stitdents Succeed in Mathematics and Science. San 
Francisco: Jossey-Bass Publishers. 

Intervention strategics and guidelines for prtunoting partici- 
pation in science and mathematics. 

Davis, Barbara Gross & Humphreys, Sheila. 1985. Htaliaitmg 
Jntervention /Vograms: Applications from Women's IVi^gram.s in 
Math and Science. New York: Teachers College Press. 

Easily understandable guidelines for evaluating inter\ eniion 
programs using science intervention pn ►grams as a framework. 



McNeal, Ann. Fall 1992. “My Favt^nte Rooks n the Relation 
of Women and Minorities to Science." Feminists in Science 
and Technedogy (FIST), Vol. 6. No. 1. Write School of Natu- 
ral Science, Hampshire C< 'liege, Amhearst, MA 01002 or 
send e-mail messages to: mmurrain@hamp.hampshire.edu. 

FIST welcomes contributions on disk or via e-mail and 
costs $5 (individual) or $1 ^ (institutional) for 2 issues/' ear. 

Kahle, Jane Butler. 1985. W omen in Science: A Kep(n-t f om the 
Field. Philadelphia. PA: The Falmcr Press. 

Classrooms fostering equality in the U.S. and elsewhere. 
Lockheed, Marlaine E., ct al. 1985. Sex and Ethnic Di//erenccs in 
.Middle School Mathetnatics, Science, and Computer Science: 

What Do We Knoud Princeton. Nj: Educational Testing Ser- 
vice. 

Oakes, jeannie et al. 1990. Multiplying Inequalities: The Effects 
of Race, Social Class, and Tracking on Oppm-tunitie.s to D’am 
Mathematics and Science. Santa Monica, CA; RAND Corp. 
Sutman, Francis X., Guzman, Ana Cha. <S;. Sc h wart:, Wendy. 
March 1993. Teaching Science Effectively to Limited English 
Proficient Students. Clearing-house on L^rhan Education Digest. 
No. 87. 

Includes extensive bibliography of instructional materials. 

Tobin, Kenneth; Kahle, jane Butler; &. Fraser, Barr\’ j. 1990. 
Windou's into Science Classrooms; Prc^hlems Associated u’ith 
Higher-Lei'cl Cognitive Leammg. London: The Falmcr Press. 

Why do teachers around the world ask higher-order ques- 
tions of some students, neglecting minority youngsters and 
girls? 

Model Programs & Classroom Activities 

C??aduto. Michael j. &. Rruchac, Joseph. 1989. 1 988. Keepers of 
the Earth. Golden, CO: Fulcrum. Inc. 

Center for Multisensory Learning. Lawrence Hall of Science. 

1981 . Science Actiu'tie.s for the Visually Impaired (SAV’D and 
Science Enrichment /(;r D’aniers u’ich Physical Handicaps 
(SELPH). Berkeley, CA: LHS-University of California 
Meaningful science experiences for all youngsters. Write 
Lawrence Hall of Science. University of California, Berkeley, 
CA 94720; (415)642-8941. 

Conwell, Catherine R. 1990. Science Ef^LMLS Success, t har- 
lotte, NC: Charlt'ttc EQUALS/Charlotte-Mecklenhurg 
School System. 

Hands-on science activities from EQUALS for helping 
women and minorities succeed in mathematics. 

What VVhll I iappen If .. . Young (Children and the Scienti/ic Methi^d. 
1985. New Yi>rk: Educational Equity (Concepts. Inc., Dept. S, 
114 E. 32nd St.. New York. NY 10016; (212) 725-1803. 

Age-appri^priate intrtKiuction to physical scicnte nu*thi»ds, 
using familiar materials. Accompanying .staff development 
guide argues that s(.ience is as vital .is language and reading- 
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Girls Incorporated. 1992. Seeds /or Growth; Operation 
SMARl'^'^ Training; Guide. New York; Girls Inc., 30 E. 33rd 
Street, New York, NY 10016. 

Encourages girls in science, math, and relevant technology. 

Indian Education Program, Anoka-Hennepin Independent Dis- 
trictll. 1991. Grandmother Spider’s V^eh; Incorporating 
American Indian Themes into the Secondary Cumeu/um. Coon 
Rapids, MN. 

Fourteen model lessons on American Indian histm y and 
culture appropriate for science classes. Other materials av'aih 
able cover topics such as useful plants and time keeping. 

Lawrence Hall of Science. 1987. Great Explorations in Math & 
Science (GEMS). Berkeley, CA; Lawrence Hall of Science- 
Univ. of California, Berkeley, CA 94720; (415) 642-7771. 

“Guided discovery” for elementary science/mathematics. 

Massi alas, Byron G. 1983. Decisions About Science . Newton, 
MA: WEEA Publishing Center. 

Part of a series entitled “Fair Play: Developing Self-Con- 
cept and Decision-Making Skills in the Middle School." 

Mayberry, Claude (Ed.), Science Weekly, 2144 Industrial Pkwy, 
Suite 202, Silver Springs, MD 20904; (301) 680-8804. 

Hands-on science activiities for K-8 students; 16 issues/year 
for $8.95; class subscriptions for 20+ students, $3.95 each. 

Menard, Sharon L. 1979. How High the Sky.^ How Far the Moon.' 
An Educational Program for Girls and Women in Math and 
Scinece. Newton, MA: WEEA Publishing Center. 

Pickard, Dawn, etal, 1991. SEMS ph« 1991, Module 5: Issues 
of Equity and Quality in Science Curriculum Development. 
Marquette, Ml: Science Education in Michigan Schools, 
Northern Michigan University, c/o Dr. Phil Larsen. 

Identifies major geocultural groups of Michigan and suggests 
science activities for .students of diverse backgrounds. 

Rosebery, Ann S.; Warren, Beth; Conant, Faith R.; &. 

Hudicourt-Barnes, Josiane. Spring 1992. “Cheche Konnen: 
Scieniii> Sense-Making in Bilingual Educaiton," Haruis On/ 
^15. Published by TERC, Cambridge, MA. 

SPACES: Solving Problems of Access to Careers in Engineering and 
Science. 1982. Berkeley, CA: Lawrence Hall of Science-Uni- 
versity of California. 



Smith, Walter S., Molitor, Loretta L; Nelson, Be.ss J.; &. 
Matthews, Catherine E. 1981. COMETS; Science- Career 
Oriented Modules to Explore Topics in Science. Lawrence, KS: 
School of Education, University of Kan.sas. 

100 physical science, life science, math, and computer ac- 
tivities designed for early adolescent girls. 

Sprung, Barbara; Colon, Linda; and Jenoure, Sandra. 1990. 
/’laytime is Science; Implementing a Parent -Child Activity /Vo- 
gram. New York: Educational Equity Concepts. 

Parents and children discover the .science in ordinary mate- 
rials found in most homes. 

Biographies of Scientists 

Keller, Evelyn Fox. 1983. A Feeling /or the Organism: The Life and 
Work of Barbara Mcclintock. San Francisco: W. H. Freeman. 

“Not only a gripping biography but also a meditarion on 
styles of doing science." — Ann McNeal, FIST 

Manning, Kenneth R. 1983. Black Apollo of Science: The Life of 
Earnest Everett Just. New York: Oxford University Press. 

“Powerful delinieation of the effect of discrimination on the 
career of a distinguished biologist." —Ann McNeal, FIST 

Triana, Estrella; Abbrazzese, Anne; &. Matyas, Marsha Lakes. 
1992. Stepping into the Future; Hispanics in Science and Engi- 
neering. Washington, DC: AAAS/Proyecto Futuro. Call 
AAAS Books, (301) 645-5643. 

Profiles Hispanic scientists in both English and Spanish. 

Verheyden- Hilliard, Mary Ellen (Ed.). American Women in 
Science Biographies for the Elementary Grades. Bethesda, 
MD: The Equity Institute. 

Books for elementary students to read or have read to them, 
with such titles as Engineer from the Comanche Nation, Mancy 
Wallace and Scientist and Governor, Dixie Lee Ray. 

Help in Reviewing Science Books 

Nilsen, Alleen Pace. Sept. 1987. “Tliree Decades of Sexism in 
School Science Materials." School Library Joum., pp. 1 17-122. 

Describes male bias in educational materials For materials 
send $2.50 in stamps to Alleen Nilsen, Graduate College, 
Wilson Hall, Arizona State University, Tempe, AZ 85287. 
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Order Form for Publications Available 



Back issues of Equity Coalition: 

G Working Together toward Equity for All Students 
G Parents and Schools: Partners for Equity 
G Building an Equitable School Culture 
G Poverty and Schools 
G Beyond Tracking 

Back issues of Breakthrough: 

G Equity and the Change Agent 
G Equity and Educational Finance 
G Student Discipline and Desegregation 
□ The Challenge of At'Risk Students 
G Teaching Children to Be Test Wise 

Back issues of Title IX Line: 

G Comparable Worth in School Employment 
G The History of Arherican Women and Work 
G Women in Literature: Historical Images of Work 
G Fostering Sex Equity in Math 
G Sex Equity and Vocational Education 
G Sexual Harassment 
G Women and Sports 



Equity Coalition for Race, 

Gender and National Origin Equity 

Programs for Educational Opportunity 
1005 School of Education 
University of Michigan 
Ann Arbor, Michigan 48109-1259 

Address Correction Requested 



Books and Booklets; 

□ America’s Hispanic Heritage ($3.00) 

G Hispanic Americans in the United States: 

A Select Annotated Bibliography ($3.00) 

Q Effective Schools: Issues in the Education 
of Black Children ($6.00) 

G Jump Street: A Story of Black Music, A Secondary 
Teaching Guide ($3.00) 

G Remember the Ladies! : A Handbook of Women in 
American Histoiy ($3.00) 

G Tune In to Your Rights: A Guide foi Teenagers about 
Turning Off Sexual Harassment ($3.00/copy) 

G Agarra La Onda de tus Derechos : Una guia para jdvenes 
de como combatir el acoso sexual, a culturally sensitive 
Spanish translation of Tune In to Your Rights ($3.00) 

G Women, Math and Science: A Resource Manual ($3.00) 
G A Yearbook of Holidays & Observances; A multi- 
cultural perspective of observances in the U. S. ($7.00) 

G Bibliography for A Yearbook of Holidays & Observances 
($3.00) 

Single copies of PEO newsletters are available free. Tune 
In and Agarra La Onda are available in boxes of 200 copies 
at $300/box. The charge for hooks and booklets covers the 
cost of printing and mailing Make checks payable to the 
University of Michigan and send this order form to the 
address below. 
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